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Method ofRegulating Glucose Metabolism, and Reagents Related Thereto

Funding
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Background of the Invention

Diabetes adversely affects the way the body uses sugars and starches which, during

digestion, are converted into glucose. Insulin, a hormone produced by the pancreas, makes

10 the glucose available to the body's cells for energy. In muscle, adipose (fat) and connective

tissues, insulin facilitates the entry of glucose into the cells by an action on the cell

membranes. The ingested glucose is normally converted in the liver to C02 and H20

(50%); to glycogen (5%); and to fat (30-40%), the latter being stored in fat depots. Fatty

acids from the adipose tissues are circulated, returned to the liver for re-synthesis of

15 triacylglycerol and metabolized to ketone bodies for utilization by the tissues. The fatty

acids are also metabolized by other organs. Fat formation is a major pathway for

carbohydrate utilization.

The net effect of insulin is to promote the storage and use of carbohydrates, protein

and fat. Insulin deficiency is a common and serious pathologic condition in man. In insulin-

20 dependent (IDDM or Type I) diabetes the pancreas produces little or no insulin, and insulin

must be injected daily for the survival of the diabetic. In noninsulin-dependent (NIDDM or

Type II) diabetes the pancreas retains the ability to produce insulin and in fact may produce

higher than normal amounts of insulin, but the amount of insulin is relatively insufficient,

or less than fully effective, due to cellular resistance to insulin.

25 Diabetes mellitus (DM) is a major chronic illness found in humans with many

consequences. Some complications arising from long-standing diabetes are blindness,

kidney failure, and limb amputations. Insulin-dependent diabetes mellitus (IDDM) accounts

for 10 to 15% of all cases of diabetes mellitus. The action of IDDM is to cause

hyperglycemia (elevated blood glucose concentration) and a tendency towards diabetic

30 ketoacidosis (DKA). Currently treatment requires chronic administration of insulin. Non-

insulin dependent diabetes mellitus (NIDDM) is marked by hyperglycemia that is not

linked with DKA. Sporadic or persistent incidence of hyperglycemia can be controlled by

administering insulin. Uncontrolled hyperglycemia can damage the cells of the pancreas

which produce insulin (the p-islet cells) and in the long term create greater insulin

35 deficiencies. Currently, oral sulfonylureas and insulin are the only two therapeutic agents
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a second peptide. Later experiments demonstrated that proglucagon is cleaved carboxyl to

Lys-Arg or Arg~Arg residues (Lund et al., supra : and Bell et al. (1983) Nature 302:716-

718). Bell et al. also discovered that proglucagon contained three discrete and highly

homologous peptide regions which were designated glucagon, glucagon-like peptide 1

5 (GLP-1), and glucagon-like peptide 2 (GLP-2). GLP-1 has attracted increasing attention as

a humoral stimulus of insulin secretion. In humans, this 29-amino acid peptide, cleaved

from proglucagon by cells of the intestinal mucosa, is released into the circulation after

nutrient intake (Hoist et al. (1987) FEBS Lett 21 1:169; Orskov et al. (1987) Diabetoloeia

30:874; Conlon J (1988) Diabetologia 31:563V

10 GLP-1 has been found to be a glucose-dependent insulinotropic agent (Gutniak et

al. (1992) N. Engl. J. Bled. 326:1316-1322). GLP-1 is now known to stimulate insulin

secretion (insulinotropic action) causing glucose uptake by cells which decreases serum

glucose levels (see, e.g., Mojsov, S., Int. J. Peptide Protein Research, 40:333-343 (1992)).

For instance, it has been shown to be a potent insulin secretagogue in experimental models

15 and when infused into humans (Gutniak et al., supra : Mojsov et al. (1988) J Clin Invest

79:616; Schmidt et al. (1985) Diabetologia 28:704; and Kreymann et al. (1987) Lancet

2:1300). Thus, GLP-1 is a candidate for the role of an "incretin", having augmentary

effects on glucose-mediated insulin release.

It is also noted that numerous GLP-1 analogs have been demonstrated which

20 demonstrate insulinotropic action are known in the art. These variants and analogs include,

for example, GLP-l(7-36), Gln9-GLP-l(7-37), D-Gln9-GLP- 1(7-37), acetyl-Lys9-GLP-l(7-

37), Thr16-Lys 18-GLP-l(7-37), and Lys 18-GLP-l(7-37). Derivatives of GLP-1 include, for

example, acid addition salts, carboxylate salts, lower alkyl esters, and amides (see, e.g.,

W091/11457).

25

Objects of the Invention

It is one object of this invention to provide improved methods for reducing in

animal subjects (including humans) in need of such treatment at least one of insulin

resistance, hyperinsulinemia, and hyperglycemia and abating Type II diabetes. Another

30 object is to provide improved methods for reducing at least one of body fat stores,

hyperlipidemia, hyperlipoproteinemia, and for abating atherosclerosis. It. is another object

of this invention to provide methods for interfering with glucose and/or lipid metabolism in

a manner beneficial to the host.
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stimulate, or cause the stimulation of, the synthesis or expression of the hormone insulin,

are thus called gluco-incretins (Dupre, in The Endocrine Pancreas. E. Samois Ed. (Raven

Press, New York, (1991), 253-281); and Ebert et al. (1987) Diabetes Metab. Rev. p3).

Glucagon-like peptide- 1 is a glucoincretin both in man and other mammals (Dupre et ah

supra, and Kreymann et al. (1987) Lancet 2:300). It is part of the preproglucagon molecule

(Bell et al. (1983) Nature 304:368) which is proteolytically processed in intestinal L cells to

GLP-l(l-37) and GLP-l(7-36)amide or GLP-l(7-37) (Mojsov et al. (1986) J. Biol. Chem.

261:1 1880; and Habener et al.: The Endocrine Pancreas , E. Samois Ed. (Raven Press, New

York (1991), 53-71). Only the truncated forms of GLP-1 are biologically active and both

have identical effects on insulin secretion in beta cells (Mojsov et al. (1987) J. Clin. Invest

79:616; and Weir et al. (1989) Diabetes 38:338). They are the most potent gluco-incretins

so far described and are active at concentrations as low as one to ten picomolar.

The metabolic fate of exogenous GLP-1 has been studied in nondiabetic and type II

diabetic subjects. Subcutaneous and intravenous GLP-1 are both rapidly degraded in a time-

dependent manner, for instance, having a half-life in diabetic patients of substantially less

than 30 minutes. See, for example, Deacon et al. (1995) Diabetes 44:1 126-1 131.

L Overview ofthe Invention

The present invention provides methods and compositions for modification and

20 regulation of glucose and lipid metabolism, generally to reduce insulin resistance,

hyperglycemia, hyperinsulinemia, obesity, hyperlipidemia, hyperlipoprotein-emia (such as

chylomicrons, VLDL and LDL), and to regulate body fat and more generally lipid stores,

and, more generally, for the improvement of metabolism disorders, especially those

associated with diabetes, obesity and/or atherosclerosis. As described in greater detail

25 below, the subject method includes the administration, to an animal, of a composition

including one or more dipeptidylpeptidase inhibitors, especially inhibitors of the

dipeptidylpeptidase IV (DPIV) enzyme or other enzyme of similar specificity, which are

able to inhibit the proteolysis of GLP-1 and accordingly increase the plasma half-life of that

hormone.

30 Preferably, the compounds utilized in the subject method will produce an EC50 for

the desired biological effect of at least one, two, three and even four orders of magnitude

less than the EC50 for that compound as an immunosuppressant. Indeed, a salient feature

of such compounds as the peptidyl boronates is that the inhibitors can produce, for example,

an EC50 for inhibition of glucose tolerance in the nanomolar or less range, whereas the

35 compounds have EC50's for immunosuppression in the or greater range. Thus, a

WO 99/38501

10
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favorable therapeutic index can be realized with respect to the unwanted sideeffect of
immunosuppression.

While not wishing to bound by any particular theory, it is observed that compounds
which inhibit DPIV are, correctively, able to improve glucose tolerance, though not

necessarily through mechanisms involving DPIV inhibition per se. Indeed, the results

described in Example 6 (and Figure 5) demonstrating an effect in mice lacking a GLP-1
receptor suggest that the subject method may not include a mechanism of action directly

implicating GLP-1 itself, though it has not been ruled out that GLP-1 may have other

receptors. However, in light of the correlation with DPIV inhibition, in preferred

embodiments, the subject method utilizes an agent with a Ki for DPIV inhibition of 1 .0 nm
or less, more preferably of 0.1 nm or less, and even more preferably of 0.01 nM or less.

Indeed, inhibitors with Ki values in the picomolar and even femtamolar range are

contemplated. Thus, while the active agents are described herein, for convience, as "DPIV
inhibitors", it will be understood that such nomenclature is not intending to limit the subject

invention to a particular mechanisim ofaction.

For instance, in certain embodiments the method involves administration of a DPIV
inhibitor, preferably at a predetermined time(s) during a 24-hour period, in an amount
effective to improve one or more aberrant indices associated with glucose metabolism
disorders (e.g., glucose intolerance, insulin resistance, hyperglycemia, hyperinsulinemia

and Type II diabetes).

In other embodiments, the method involves administration of a DPIV inhibitor in an
amount effective to improve aberrant indices associated with obesity. Fat cells release the

hormone leptin, which travels in the bloodstream to the brain and, through leptin receptors

there, stimulates production of GLP-1. GLP-1, in turn, produces the sensation of being full.

The leading theory is that the fat cells of most obese people probably produce enough
leptin, but leptin may not be able to properly engage the leptin receptors in the brain, and so
does not stimulate production of GLP-1. There is accordingly a great deal of research

towards utilizing preparations of GLP-1 as an apepitite suppressant. The subject method
provides a means for increasing the half-life of both endogenous and ectopically added
GLP-1 in the treatment of disorders associated with obesity.

In a more general sense, the present invention provides methods and compositions
for altering the pharmokinetics of a variety of different polypeptide hormones by inhibiting

the proteolysis of one or more peptide hormones by DPIV or some other proteolytic

activity. Post-secretory metabolism is an important element in the overall homeostasis of
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regulatory peptides, and the other enzymes involved in these processes may be suitable

targets for pharmacological intervention by the subject method.

For example, the subject method can be used to increase the half-life of other

proglucagon-derived peptides, such as glicentin (corresponding to PG 1-69),

5 oxyntomodulin (PG 33-69), glicentin-related pancreatic polypeptide (GRPP, PG 1-30),

intervening peptide-2 (IP-2, PG 1 1 l-122amide), and glucagon-like peptide-2 (GLP-2, PG

126-158).

GLP-2, for example, has been identified as a factor responsible for inducing

proliferation of intestinal epithelium. See, for example, Drucker et al. (1996) PNAS

10 93:7911. The subject method can be used as part of a regimen for treating injury,

inflammation or resection of intestinal tissue, e.g., where enhanced growth and repair of the

intestinal mucosal epithelial is desired.

DPIV has also been implicated in the metabolism and inactivation of growth

hormone-releasing factor (GHRF). GHRF is a member of the family of homologous

15 peptides that includes glucagon, secretin, vasoactive intestinal peptide (VIP), peptide

histidine isoleucine (PHI), pituitary adenylate cyclase activating peptide (PACAP), gastric

inhibitory peptide (GIP) and helodermin. Kubiak et al. (1994) Peptide Res 7:153. GHRF is

secreted by the hypothalamus, and stimulates the release of growth hormone (GH) from the

anterior pituitary. Thus, the subject method can be used to improve clinical therapy for

20 certain growth hormone deficient children, and in clinical therapy of adults to improve

nutrition and to alter body composition (muscle vs. fat). The subject method can also be

used in veterinary practice, for example, to develop higher yield milk production and higher

yield, leaner livestock.

Likewise, the DPIV inhibitors of the subject invention can be used to alter the

25 plasma half-life of secretin, VIP, PHI, PACAP, GIP and/or helodermin. Additionally, the

subject method can be used to alter the pharmacokinetics of Peptide YY and neuropeptide

Y, both members of the pancreatic polypeptide family, as DPIV has been implicated in the

processing of those peptides in a manner which alters receptor selectivity.

Another aspect of the present invention relates to pharmaceutical compositions of

30 dipeptidylpeptidase inhibitors, particularly DPIV inhibitors, and their uses in treating and/or

preventing disorders which can be improved by altering the homeostasis of peptide

hormones. In a preferred embodiment, the inhibitors have hypoglycemic and antidiabetic

activities, and can be used in the treatment of disorders marked by abberrant glucose

metabolism (including storage). In particular embodiments, the compositions of the subject

35 methods are useful as insulinotropic agents, or to potentiate the insulinotropic effects of
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153:1201-1208 (1988)). See also U.S. Patents Bachovchin et al. 4,935,493; Bachovchin et

al. 5,462,928; Powers et al. 5,543,396; Hanko et al. 5,296,604; and the PCT publication of

FerringPCT/GB94/02615.

In other embodiments, the inhibitor is a non-peptidyl compound, e.g., which can be

identified by such drug screening assays as described herein. These inhibitors can be,

merely to illustrate, synthetic organis, natural products, nucleic acids or carbohydrates. .

A representative class of compounds for use in the method of the present invention

are represented by the general formula;

10

wherein

A represents a 4-8 membered heterocycle including the N and the Cot carbon;

Z represents C or N;

W represents a functional group which reacts with an active site residue of the

15 targeted protease, as for example, -CN, -CH=NR5 ,

o R
S1

R] represents a C-terminally linked amino acid residue or amino acid analog, or a

C- terminally linked peptide or peptide analog, or an amino-protecting group, or

O S O
II II II

Rs—C— , Ro—C— ,R6—S— .

O

20 R2 is absent or represents one or more substitutions to the ring A, each ofwhich can

independently be a halogen, a lower alkyl, a lower alkenyl, a lower alkynyl, a carbonyl
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uch t* a carboy, an eater, a forma.e, „r a ketone), a thiocarbonyl (such as a thicker, a
Urroaeetate, or a thtoformate), an amino, an acylantino, an amido, a eyano, a mtro an azido

c; o , :
a sulfonamido

'

"(cH2,--r
"

-(ch2)--oh
- Awo-forC-

5 CHtt ^ f
<CH2,"-°-(CH^-R

'.
-<CH2VSH, -(CH^S-lower alkyl, .

5
<
CH2)m-S-loweralkenyl,-(CH

2)1,-S-(CH2)m-R7 .

ifX is N, R3 representa hydrogen, ifX is C, R3 represents hydrogen or a halogen a
ower alky!, a lower alkenyl, a lower alkynyl, a earbonyl (snch as a carboxyl, an ester a
formate, or a ketone), a thioearbonyl (such as a thioesrer, a thioaeetate, or a thioformate) 'an

SSKSS? "(CH2,m"SH
' w,ow "* ^-s-:

(CH ^bTTi?,.? " a'kenyl
' 3,1 alkynyl

' -^WW* "(Wrt* -

15 CH mT £^^ -(CH*-0-*^'. "Wn-O-alkyny,, .(CH2)n
!0-

™ ^ ^ 2>""SH
' ^^S-alkyl, -<CH2)„-S-alkenyl, KCHrfn-S-alkynv! -

(CH2)n-S-<CH2)m-R7, -C(0)C(0)NH2 , -C(0)C(0)OR'7 ;

Re represents hydrogen, a halogen, a alkyl, a alkenyl, a alkynyl, an aryl -(CH,1

(CH" R
2L
"?cH"f^"

0"a,kyl
'

-<CH^—'
•

<CH2)m-LI,kw^cS
- SsXT * 2)M -(CH2)«' -

R7 represents, for eaeh ocenrrence, a substituted or unsubstituted aryl afalkyl
cycloalkyl, cycloalkenyl, or heterocycle;

R', represents, for each occurrence, hydrogen, or a substituted or unsubstituted
alkyl, alkenyl, aryl, aralkyl, cycloalkyl, cycloalkenyl, or heterocycle; and

Y, and Y2 can independently or together be OH, or a group capable of being
hydrolyzed ,„ a hydroxyl group, including cyclic derivatives where Y, and Y2 Z
connected via a ring having from 5 ,o 8 atoms in the ring structure (such as pinacol or the

R50 represents O or S;

R5
1 represents N3 ,

SH2 ,
NH2 ,

N02 or OR'7;

acc , TT hydr°8en
'

3 alky1
'
30 3mine

'
°R'^ or a Pharmaceutically

acceptable salt, or R51 and R52 taken together with the phosphorous atom to which they
are attached complete a heterocyclic ring having from 5 to 8 atoms in the ring structure

25

30
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X| represents a halogen;

X2 and X3 each represent a hydrogen or a halogen

m is zero or an integer in the range of 1 to 8; and n is an integer in the range of 1 to

5

In preferred embodiments, the ring A is a 5, 6 or 7 membered ring, e.g., represented

by the formula

N
n

and more preferably a 5 or 6 membered ring. The ring may, optionally, be further

10 substituted.

15 wherein R36 is a small hydrophobic group, e.g., a lower alkyl or a halogen and R38 is

hydrogen, or, R36 and R37 together form a 4-7 membered heterocycle including the N and

the Ca carbon, as defined for A above; and R40 represents a C-terminally linked amino

acid residue or amino acid analog, or a C-terminally linked peptide or peptide analog, or an

amino-protecting group

20 In preferred embodiments, R2 is absent, or represents a small hydrophobic group

such as a lower alkyl or a halogen.

In preferred embodiments, R3 is a hydrogen, or a small hydrophobic group such as a

lower alkyl or a halogen.

In preferred embodiments, R5 is a hydrogen, or a halogentated lower alkyl.

25 In preferred embodiments, XI is a fluorine, and X2 and X3, if halogens, are

In preferred embodiments, Rl is

'3 8

fluorine.
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Also deemed as equivalents are any compounds which can be hydrolytically
converted nto any of ft. aforemcmioned compounds including boronic acid esters and
haJtdes and carbonyl equivalents including acetals, hemtacetals, kerals, and hemiketals and
cyclic dipeptide analogs.

5 Longer peptide sequences are needed for the inhibition of certain proteases and
improve the specificity of the inhibition in some cases.

In preferred embodiments, the subject method utilizes, as a DPIV inhibitor a
boronxc acid analogs of an amino acid. For example, the present invention contemplates me

10 "h H

0

;r
lyl deriVatiVeS

" ^ SUbjCCt meth0d ExempIa^ boronic «M ^rived
inhibitors of the present invention are represented by the general formula:

ll
wherein

R, represents a C-terminally linked amino acid residue or amino acid analog, or a

O S O
terminally linked peptide or peptide analog, or ^~C~, Rg—C— Rg—S—

15 C- »
5

R ,r«
hydr°8en

'

3 hal°gen
'

3 3lky1
'

3 a alk^' - «yi. <CH2)m.

mf^^S^ -(CH2)-°-alk^ ^H2)m-0.alkynyl, -(CH2)mt
S^cS •

(CH2)m-S"M
' -(CH2)m-S-alkynyl, -

20

-(CH2)m-N(
R8

-(CH2)n-?-<
R8

_,CH , ^jfj,, g
R9 '

N
R9

>

(CH2)n-NH2-C-NH2
, -(CH^-O-R,

-(CH2)J-a,kylj -(CH^-alkenyl, -(CH2)J-alkyny, . or -(CH2)J-(CH2)m-R7

R7 represents an aryl, a cycloalkyl, a cycloalkenyl, or a heterocycle;
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R8 and R9 each independently represent hydrogen, alkyl, alkenyl, -(CH2)m-R7 ,
-

C(=0)-alkyl, -C(=0)-alkenyl, -C(0)-alkynyl, -C(=0)-(CH2)m-R7 ,

or Rg and R9 taken together with the N atom to which they are attached complete a

heterocyclic ring having from 4 to 8 atoms in the ring structure;

5

Rjl and R 12 each independently represent hydrogen, a alkyl, or a pharmaceutically

acceptable salt, or Rn and R 12 taken together with the O-B-0 atoms to which they are

attached complete a heterocyclic ring having from 5 to 8 atoms in the ring structure;

m is zero or an integer in the range of 1 to 8; and n is an integer in the range of 1 to

10 8.

In other embodiments, the subject DPIV inhibitors include an aldehyde analogs of

proline or prolyl derivatives. Exemplary aldehyde-derived inhibitors of the present

invention are represented by the general formula:

15

wherein

Rj represents a C-terminally linked amino acid residue or amino acid analog, or a

O S O
II II II

terminally linked peptide or peptide analog, or ^6 C— , R6—C— ,
R6 S— .

c-
0

m20 R$ represents hydrogen, a halogen, a alkyl, a alkenyl, a alkynyl, an aryl, -(CH2 ),

R7 ,
-(CH2)m-OH, -(CH2)m-0-alkyl, -(CH2)m-0-alkenyl, -(CH2)m-0-alkynyl, -(CH2)m-0

(CH2)m-R7 ,
-(CH2)m-SH, -(CH2)m-S-alkyl, -(CH2 )m-S-alkenyl, -(CH2)m-S-alkynyl,

(CH2)m-S-(CH2)m-R7 ,

-(CH2)m-r<
8

^
-(CH^-r/

8

_
(cH2)n-NH2-&2

,

-(CH2)lT-S-0-R7
R9 R9

n-i-alkyl, —(CH2)n-S-alkenyl ,
—(CH2)n-l!-alkynyl , or —(CH^n-fi-fCH^R,

25
-(CH2),
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0

R7 represents an aryl, a cycloalkyl, a cycloalkenyl, or a heterocycle;

*f
311(3 *9 each independently represent hydrogen, alkyl, alkenyl, -(CH2)m-R7 -

C(=0)-alkyl,-C(=0)-alkenyl
) -C(=0)-alkynyl,-C(=0)^^

**" ?'

or R8 and R9 taken together with the N atom to which they are attached complete a
heterocyclic ring having from 4 to 8 atoms in the ring structure; and

^

m is zero or an integer in the range of 1 to 8; and n is an integer in the range of 1 to

In yet further embodiments, the subject DPIV inhibitors are halo-methyl ketone
analogs of an amino acid. Exemplary inhibitors of this class include compounds represented
by the general formula:

wherein

R, represents a C-terminally linked amino acid residue or amino acid analog, or a

o s o
terminally linked peptide or peptide analog, or R*—C—

, Rg—C—
, R*—S— .

II
'

C II

o

R6 represents hydrogen, a halogen, a alkyl, a alkenyl, a alkynyl, an aryl -(CH,)

rCH ?m"°"' -(CH2)-°-a,ky1
'
-^-O-alkenyl, ^CH^nyWcS

sasr "(CH2Ws "a^ -(cH2)m^ -(cH2)^ -
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/
Rg

§ /
Rs NH2 O

—(CH2)m-NN
—(CH2)n-C-Ns _(CH2)n

-NH;r-£-NH2 —(CH2)n-C-OR7
R9 ' R9 '

'

—(CH2)nJ-alkyi ,
—(CH2)n-tf-alkenyI , —(CH2)n4!-alkynyl , or —(CH^n^^CH^Ry

R7 represents an aryl, a cycloalkyl, a cycloalkenyl, or a heterocycle;

R8 and R9 each independently represent hydrogen, alkyl, alkenyl, -(CH2)m-R7 ,
-

5 C(=0)-alkyl, -C(=0)-alkenyl, -C(=0)-alkynyl, -C(=0)-(CH2)m-R7,

or Rg and R9 taken together with the N atom to which they are attached complete a

heterocyclic ring having from 4 to 8 atoms in the ring structure;

Xj, X2 and X3 each represent a hydrogen or a halogen; and

m is zero or an integer in the range of 1 to 8; and n is an integer in the range of 1 to

10 8.

In preferred embodiments, the DPIV inhibitor is a peptide or peptidomimetic

including a prolyl group or analog thereof in the PI specificity position, and a nonpolar

amino acid in the P2 specificity position, e.g., a nonpolar amino acid such as alanine,

15 leucine, isoleucine, valine, proline, phenylalanine, tryptophan or methionine, or an analog

thereof. For example, the DPIV inhibitor may include an Ala-Pro or Pro-Pro dipeptide

sequence or equivalent thereof, and be represented in the general formulas:

R2

R32

or

0—n"^Y
N^W

20 In preferred embodiments, the ring A is a 5, 6 or 7 membered ring, e.g., represented

by the formula
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10

15

a halogen

emb°dimemS
'
R32

*
SmaU ********* group, e.g., a lower alkyl or

In preferred embodiments, R30 represents a C-terminally linked amino acid residue
or ammo acid analog, or a C-terminally linked peptide or peptide analog, or an amino-
protecting group.

In preferred embodiments, R2 is absent, or represents a small hydrophobic group
such as a lower alkyl or a halogen.

P

In preferred embodiments, R3 is a hydrogen, or a small hydrophobic group such as alower alkyl or a halogen.

Another representative class of compounds for use in the subject method include
pept.de and peptidomimetics of (D)-Ala-(L)-Ala, e.g., preserving the diasteromeric
orientation. Such inhibitors include compounds represented by the general formula-

ic

wherein

W represents a functional group which reacts with an active site residue of thetargeted protease, as for example, -CN, -CH=NR
5 ,

A ffso o
?~X

i P—X, Bv p-R JJ
I '

1
, V |

52 or u-~_
r

O R
Y

2
, |

- — ^R5

R, represents a C-terminally linked amino acid residue or amino acid analog or a
C- termmally linked peptide or peptide analog, or an amino-protecting group or

?\
S 0

R6-C—
, R5-C— .Rs-S— .

II

20 O

R3 represents hydrogen or a halogen, a lower alkyl, a lower alkenyl, a lower
afcynvl, a carbonyl (such as a carboxyl, an ester, a formate, or a ketone), a thiocarbonyl
(such as a tluoester, a thioacetate, or a thioformate), an amino, an acylamino an amido acyano, a mtro, an azido, a sulfate, a sulfonate, a sulfonamido, W-RWcSTSS

25 g^.^^o. alkenyl,^0^,S£\(CH2)m-S-lower alkyl, -(CH2)m-S-lower alkenyl, -(CH2)n-S-(CH2)m-R7 ;
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R5 represents H, an alkyl, an alkenyl, an alkynyl, -C(X])(X2)X3 ,
-(CH2)m-R7 ,

-

(CH2)n-OH, -(CH2)n-0-alkyl, -(CH2)n-0-alkenyl, -(CH2)n-0-alkynyl, -(CH2)n-0-

(CH2)m-R7 ,
-(CH2)n-SH, -(CH2)n-S-alkyl, -(CH2)n-S-alkenyl, -(CH2)n-S-alkynyl,

-

(CH2)n-S-(CH2)m-R7 ,
-C(0)C(0)NH2 ,

-C(0)C(0)OR' 7 ;

R$ represents hydrogen, a halogen, a alkyl, a alkenyl, a alkynyl, an aryl, -(CH2)m-

R7 ,
-(CH2 )m-OH, -(CH2)m-0-alkyl, -(CH2)m-0-alkenyl, -(CH2)m-0-alkynyl, -(CH2)m-0-

(CH2)m-R7 ,
-(CH2)m-SH, -(CH2)m-S-alkyl, -(CH2)m-S-alkenyl, -(CH2)m-S-alkynyl, -

(CH2)m-S-(CH2)m-R7 ,

R7 represents, for each occurrence, a substituted or unsubstituted aryl, aralkyl,

cycloalkyl, cycloalkenyl, or heterocycle;

R' 7 represents, for each occurrence, hydrogen, or a substituted or unsubstituted

alkyl, alkenyl, aryl, aralkyl, cycloalkyl, cycloalkenyl, or heterocycle;

R$) and R^2 ,
indepedently, represent small hydrophobic groups;

Y] and Y2 can independently or together be OH, or a group capable of being

hydrolyzed to a hydroxy 1 group, including cyclic derivatives where Y] and Y2 are

connected via a ring having from 5 to 8 atoms in the ring structure (such as pinacol or the

like),

R50 represents O or S;

R5I represents N3, SH2 ,
NH2 ,

N02 or OR' 7 ;

R52 represents hydrogen, a lower alkyl, an amine, OR' 7 , or a pharmaceutically

acceptable salt, or R51 and R52 taken together with the phosphorous atom to which they

are attached complete a heterocyclic ring having from 5 to 8 atoms in the ring structure

Xj represents a halogen;

X2 and X3 each represent a hydrogen or a halogen

m is zero or an integer in the range of 1 to 8; and n is an integer in the range of 1 to

8.

In preferred embodiments, Rl is

wherein R36 is a small hydrophobic group, e.g., a lower alkyl or a halogen and R38 is

hydrogen, or, R36 and R37 together form a 4-7 membered heterocycle including the N and

'3 8
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15

20

25

the Ca carbon, as defined for A above; and R40 represents a C-terminally linked amino
aad residue or amino acid analog, or a C-terminally linked peptide or peptide analog, or an
ammo-protecting group

30

In preferred embodiments, R3 is a hydrogen, or a small hydrophobic group such as a
lower alkyl or a halogen.

In preferred embodiments, R5 is a hydrogen, or a halogentated lower alkyl.

In preferred embodiments, XI is a fluorine, and X2 and X3, if halogens are
fluorine.

&
'

In preferred embodiments, and R^, independently, represent low alkyls, such
as methyl, ethyl, propyl, isopropyl, tert-butyl or the lik.; .

Also included are such peptidomimetics as olefins, phosphonates, aza-amino acid
analogs and the like.

Also deemed as equivalents are any compounds which can be hydrolyticallv
converted into any of the aforementioned compounds including boronic acid esters and
hahdes and carbonyl equivalents including acetals, hemiacetals, ketals, and hemiketals. and
cyclic dipeptide analogs.

As used herein, the definition of each expression, e.g. alkyl, m, n, etc., when it
occurs more than once in any structure, is intended to be independent of its definition
elsewhere in the same structure.

The pharmaceutical^ acceptable salts of the subject compounds include the
convenuonal nontoxic salts or quaternary ammonium salts of the compounds, e g from
non-tox1C organic or inorganic acids. For example, such conventional nontoxic saltsmdude those derived from inorganic acids such as hydrochloride, hydrobromic, sulfuric
sulfamic, phosphoric, nitric, and the like; and the salts prepared from organic acids such a^
acet,c, propionic, succinic, glycolic, stearic, lactic, malic, tartaric, citric, ascorbic, palmitic
male*, hydroxymaleic, phenylacetic, glutamic, benzoic, salicyclic, sulfanilic 2-
acetoxybenzoic, fumaric, toluenesulfonic, methanesulfonic, ethane disulfonic oxalic
isothionic, and the like.

'

The pharmaceutical^ acceptable salts of the present invention can be synthesized
from the subject compound which contain a bas1C or acid moiety by conventional chemical
methods. Generally, the salts are prepared by reacting the free base or acid with
stoichiometric amounts or with an excess of the desired salt-forming inorganic or organic
ac,d or base in a suitable solvent. The pharmaceutical ly acceptable salts of the acids of the
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subject compounds are also readily prepared by conventional procedures such as treating an

acid of Formula I with an appropriate amount of a base such as an alkali or alkaline earth

methyl hydroxide (e.g. sodium, potassium, lithium, calcium or magnesium) or an organic

base such as an amine, piperidine, pyrrolidine, benzylamine and the like, or a quaternary

5 ammonium hydroxide such as tetramethylammonium hydroxide and the like.

Contemplated equivalents of the compounds described above include compounds

which otherwise correspond thereto, and which have the same general properties thereof

(e.g. the ability to inhibit proteolysis of GLP-1 or other peptide hormone or precursor

thereof), wherein one or more simple variations of substituents are made which do not

10 adversely affect the efficacy of the compound in use in the contemplated method. In

general, the compounds of the present invention may be prepared by the methods illustrated

in the general reaction schemes as, for example, described below, or by modifications

thereof, using readily available starting materials, reagents and conventional synthesis

procedures. In these reactions, it is also possible to make use of variants which are in

1 5 themselves known, but are not mentioned here.

ii. Definitions

For convenience, before further description of the present invention, certain terms

employed in the specification, examples, and appended claims are collected here.

20 The term "alkyl" refers to the radical of saturated aliphatic groups, including

straight-chain alkyl groups, branched-chain alkyl groups, cycloalkyl (alicyclic) groups,

alkyl substituted cycloalkyl groups, and cycloalkyl substituted alkyl groups. In preferred

embodiments, a straight chain or branched chain alkyl has 30 or fewer carbon atoms in its

backbone (e.g., C1-C30 for straight chain, C3-C30 for branched chain), and more

25 preferably 20 or fewer. Likewise, preferred cycloalkyls have from 3-10 carbon atoms in

their ring structure, and more preferably have 5, 6 or 7 carbons in the ring structure.

Moreover, the term "alkyl" (or "lower alkyl") as used throughout the specification

and claims is intended to include both "unsubstituted alkyls" and "substituted alkyls", the

latter of which refers to alkyl moieties having substituents replacing a hydrogen on one or

30 more carbons of the hydrocarbon backbone. Such substituents can include, for example, a

halogen, a hydroxyl, a carbonyl (such as a carboxyl, an ester, a formyl, or a ketone), a

thiocarbonyl (such as a thioester, a thioacetate, or a thioformate), an alkoxyl, a phosphoryl,

a phosphonate, a phosphinate, an amino, an amido, an amidine, an imine, a cyano, a nitro,

an azido, a sulfhydryl, an alkylthio, a sulfate, a sulfonate, a sulfamoyl, a sulfonamido, a

35 sulfonyl, a heterocyclyl, an aralkyl, or an aromatic or heteroaromatic moiety. It will be
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!0

5

)

unde^ood by those slulled in the art that the moieties substituted on the hydrocarbon chaincan deserves be substituted, if appropriate. For instance, the substituents of a substituted
aUcyl may mclude substituted and unsubstituted forms of amino, azido, imino, amido
Phosphoryl (mc udmg phosphonate and phosphinate), sulfonyl (including sulfate'

> sulfonamide sulfamoyl and sulfonate) and silvl Wn,mc „ „ u«—*^ teones
,^

Exemplary substituted alkyls are described below CvcloalWk r»n k» l
with alkyls, alkenyls, aUtoxys, aMdrios,^
CN, and the like.

'
3 '

The term "aralkyl", as used herein, refers to an alkyl group substituted with an arylgroup (e.g., an aromatic or heteroaromatic group).

Ien„h ^ <em,

K,"

alk

!.

nyr
""'

"
alky"yl

"
refer 10—""' •»**W—» inlengti, and posstble*M. .0 d* tUkyls described above, but ,ha, contain a, leas, onedouble or tnple bond respectively.

Unless d* number of carbons is otherwise specified, "lower alkyl" as used herein

Preferably front one to stx carbon atoms in its backbone Likewis£
'

Sit f

low

;tr simi,ar chain ^^»£alkyls. In preferred embodtntents, a substituent designated herein as alkyl is a lower alkyl.

The tetm "aryl" as used herein includes 5-, 6- and 7-tnetnbered single-ring aromatic
groups ma, may include from zeto to four heteroatoms, for example, bLene p^ton, thtophene, imidazole, oxazole, titiasole, tta2olc

, pyra2o|e>^pynfctne and py^mdine, and me like. Those a^l groups having besoms in me ring~ ntay aho be referred ,„ as "aty, heterccycles" or "he,eroaroma,ics". The ammatinrtg can be substimted a, one or mote ring positions with such substititems as deX
above, for example, halogen, azide, aKyl, amlky,, tdkenyl, alkyny,, cycloalky, hy „x^ammo, ntfro sulmytfry., imino, amido, phosphonate, phosphinate, Lbonyl,Z*l

"
ether, alkylthto, sulfonyl, sulfonamido, ketone aldehyde ester h«„ ,

heteroaromatic moieties, -CF3 , -CN, or me like. ^el^r1Sl~
nng systems having two or more cyclic rings in which two or more carbons are common ,o- arhouung rings (me rings are "frtsed rings") wherein a, leas, one of the rin

ITEST" cyclic rin8S can * cyc,oa,kyk
'

—
srrucnJ

1
* "T"^"""

°r T-™** *™P" >* >o 3- ,o 10-membered ringsmretures, more preferably 3- to 7-membered rings, whose ring structmes include one to
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four heteroatoms. Heterocycles can also be polycycles. Heterocyclyl groups include, for

example, thiophene, thianthrene, furan, pyran, isobenzofuran, chromene, xanthene,

phenoxathiin, pyrrole, imidazole, pyrazole, isothiazole, isoxazole, pyridine, pyrazine,

pyrimidine, pyridazine, indblizine, isoindole, indole, indazole, purine, quinolizine,

5 isoquinoline, quinoline, phthalazine, naphthyridine, quinoxaline, quinazoline, cinnoline,

pteridine, carbazole, carboline, phenanthridine, acridine, pyrimidine, phenanthroline,

phenazine, phenarsazine, phenothiazine, fiirazan, phenoxazine, pyrrolidine, oxolane,

thiolane, oxazole, piperidine, piperazine, morpholine, lactones, lactams such as azetidinones

and pyrrolidinones, sultams, sultones, and the like. The heterocyclic ring can be substituted

10 at one or more positions with such substituents as described above, as for example, halogen,

alkyl, aralkyl, alkenyl, alkynyl, cycloalkyl, hydroxyl, amino, nitro, sulfhydryl, imino,

amido, phosphonate, phosphinate, carbonyl, carboxyl, silyl, ether, alkylthio, sulfonyl,

ketone, aldehyde, ester, a heterocyclyl, an aromatic or heteroaromatic moiety, -CF3, -CN,

or the like.

15 The terms "polycyclyl" or "polycyclic group" refer to two or more rings (e.g.,

cycloalkyls, cycloalkenyls, cycloalkynyls, aryls and/or heterocyclyls) in which two or more

carbons are common to two adjoining rings, e.g., the rings are "fused rings". Rings that are

joined through non-adjacent atoms are termed "bridged" rings. Each of the rings of the

polycycle can be substituted with such substituents as described above, as for example,

20 halogen, alkyl, aralkyl, alkenyl, alkynyl, cycloalkyl, hydroxyl, amino, nitro, sulfhydryl,

imino, amido, phosphonate, phosphinate, carbonyl, carboxyl, silyl, ether, alkylthio,

sulfonyl, ketone, aldehyde, ester, a heterocyclyl, an aromatic or heteroaromatic moiety, -

CF3,-CN,orthelike.

The term "carbocycle", as used herein, refers to an aromatic or non-aromatic ring in

25 which each atom of the ring is carbon.

The term "heteroatom" as used herein means an atom of any element other than

carbon or hydrogen. Preferred heteroatoms are nitrogen, oxygen, sulfur and phosphorous.

As used herein, the term "nitro" means -NO2; the term "halogen" designates -F, -CI,

-Br or -I; the term "sulfhydryl" means -SH; the term "hydroxyl" means -OH; and the term

30 "sulfonyl" means -SO2-.

The terms "amine" and "amino" are art recognized and refer to both unsubstituted

and substituted amines, e.g., a moiety that can be represented by the general formula:
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N
\*

9
~ ~r R-

wherein R9 ,
R10 and R> 10 each independent* represent a hydrogen, an alky,, an alkenyl,-(CH2WR8, or R9 and R, 0^ together^ ^ N atom ^ ^complete a heterocycle having from 4 to 8 atoms in the ring strueture; R8 reprints an aryT

ransfof Ho \
3

" 3 "» m is "» «- -teger in the'

R9
.
RlO and the nitrogen together do not form an imide. In even more preferred

embodiments R9 and RI0 (and optional* R> 10) each independent* represent a hydroge^an alkyl, an alkenyl, or ,CH2)m.R8 . rbus, me term^^^^
o

-N—

L

R ,

« R, is as defined above, and R'j
,
represe„,s a hydrogen, an a,M, an a,ke„v, or(CH2)m-R8) where m and R8 are as defined above.

The term "amido" is art recognized as an amino-substituted carbonyl and includes amoiety that can be represented by the general formula:

N^ R
9

/

20 wherein R9 ,
R, 0 are as defined above. Preferred embodiments of the amide will not include

lmides which may be unstable.

The term "alkylthio" refers to an alkyl gr0Up, as defined above, having a sulfurradical attached thereto. In preferred embodiments the "alkvlthio" n-ni.t
'

,
oneof-S-alkyl,-S-alkenyl -S-alkvnvl and 7?ruT d u

* " Resented by

9<- .

y
'

Ikynyl> and -S<CH2)m-R8 5 wherein m and Rg are defined
above. Representative alkylthio groups include methyhhio, ethyl thio, and the like.
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The term "carbonyl" is art recognized and includes such moieties as can be

represented by the general formula:

O o

-IL-X-Rn • or_xJ_Rlii

wherein X is a bond or represents an oxygen or a sulfur, and R\
i
represents a hydrogen, an

5 alkyl, an alkenyl, -(CH2)m-R8 or a pharmaceutical^ acceptable salt, R'u represents a

hydrogen, an alkyl, an alkenyl or -(CH2)m-R8, where m and Rg are as defined above.

Where X is an oxygen and R\\ or R'j j is not hydrogen, the formula represents an "ester".

Where X is an oxygen, and R] j is as defined above, the moiety is referred to herein as a

carboxyl group, and particularly when R\\ is a hydrogen, the formula represents a

10 "carboxylic acid". Where X is an oxygen, and K\ \ is hydrogen, the formula represents a

"formate". In general, where the oxygen atom of the above formula is replaced by sulfur,

the formula represents a "thiolcarbonyl" group. Where X is a sulfur and R\ \ or R'\ \ is not

hydrogen, the formula represents a "thiolester." Where X is a sulfur and R\ \ is hydrogen,

the formula represents a "thiolcarboxylic acid." Where X is a sulfur and R\ j- is hydrogen,

15 the formula represents a "thiolformate." On the other hand, where X is a bond, and R\ \ is

not hydrogen, the above formula represents a "ketone" group. Where X is a bond, and R\
\

is hydrogen, the above formula represents an "aldehyde" group.

The terms "alkoxyl" or "alkoxy" as used herein refers to an alkyl group, as defined

above, having an oxygen radical attached thereto. Representative alkoxyl groups include

20 methoxy, ethoxy, propyloxy, tert-butoxy and the like. An "ether" is two hydrocarbons

covalently linked by an oxygen. Accordingly, the substituent of an alkyl that renders that

alkyl an ether is or resembles an alkoxyl, such as can be represented by one of -O-alkyl, -O-

alkenyl, -O-alkynyl, -0-(CH2)m-R8 ? where m and Rg are described above.

The term "sulfonate" is art recognized and includes a moiety that can be represented

25 by the general formula:

:

0
II

S~OR41
II

o

in which R41 is an electron pair, hydrogen, alkyl, cycloalkyl, or aryl.

The term "sulfate" is art recognized and includes a moiety that can be represented by

the general formula:
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—0-S-OR41

o

in which R41 is as defined above.

The term "sulfonamide," is art recognized and includes a moiety that can be
represented by the general formula:

i
TT'"
*'°

in which R9 and R*j
j areas defined above.

The term "sulfamoyl" is art-recognized and includes a moiety that can be
represented by the general formula:

O R
II / 10

O K
9

1 0 in which R9 and R l0 are as defined above.

The terms "sulfoxido" or "sulfinyl", as used herein, refers to a moiety that can be
represented by the general formula:

O

—S-R44

in which R44 is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl,
1 5 cycloalkyl, heterocyclyl, aralkyl, or aryl.

A "phosphoryl" can in general be represented by the formula:

Qi
II—p

—

I

wherein Ql represented S or O, and R46 represents hydrogen, a lower alkyl or an aryl
When used to substitute, e.g., an alkyl, the phosphoryl group of the phosphorylalkyl can be

20 represented by the general formula:
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Qi Qi
II II—

Q

rP-0— Q
2
-P OR46

I , or 1

OR46 OR46

wherein Qj represented S or O, and each R46 independently represents hydrogen, a lower

alkyl or an aryl, Q2 represents O, S or N. When Qj is an S, the phosphoryl moiety is a

"phosphorothioate"

.

A "phosphoramidite" can be represented in the general formula:

0 0—

Q

2
-p-0— —Q2

~P— OR46
or r

N(R
9
)R10 N(R

9
)R10

wherein R9 and R\q are as defined above, and Q2 represents O, S or N.

A "phosphonamidite" can be represented in the general formula:

R4B R4g

-Qr\~o-
t or

-Q
2
-p- 0R-.

N(R
9
)R10 N(R 9 )R10

10 wherein R9 and R\q are as defined above, Q2 represents O, S or N, and R48 represents a

lower alkyl or an aryl, Q2 represents O, S or N.

A "selenoalkyl" refers to an alkyl group having a substituted seleno group attached

thereto. Exemplary "selenoethers" which may be substituted on the alkyl are selected from

one of -Se-alkyl, -Se-alkenyl, -Se-alkynyl, and -Se-(CH2)m-R7, m and R7 being defined

1 5 above.

Analogous substitutions can be made to alkenyl and alkynyl groups to produce, for

example, aminoalkenyls, aminoalkynyls, amidoalkenyls, amidoalkynyls, iminoalkenyls,

iminoalkynyls, thioalkenyls, thioalkynyls, carbonyl-substituted alkenyls or alkynyls.

It will be understood that "substitution" or "substituted with" includes the implicit

20 proviso that such substitution is in accordance with permitted valence of the substituted

atom and the substituent, and that the substitution results in a stable compound, e.g., which

does not spontaneously undergo transformation such as by rearrangement, cyclization,

elimination, etc.

As used herein, the term "substituted" is contemplated to include all permissible

25 substituents of organic compounds. In a broad aspect, the permissible substituents include

acyclic and cyclic, branched and unbranched, carbocyclic and heterocyclic, aromatic and
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nonaromatic substituents of organic compounds. Illustrative substituents include for
example, those described hereinabove. The permissible substituents can be one or more and
the same or different for appropriate organic compounds. For purposes of this invention the
heteroatoms such as nitrogen may have hydrogen substituents and/or any permissible
substituents of organic compounds described herein which satisfy the valencies of the
heteroatoms. This invention is not intended to be limited in any manner by the permissible
substituents of organic compounds.

A "small" substituent is one of 10 atoms or less.

By the terms "amino acid residue" and "peptide residue" is meant an amino acid or
peptide molecule without the -OH of its carboxyl group. In general the abbreviations used
herein for designating the amino acids and the protective groups are based on
recommendations of the IUPAC-IUB Commission on Biochemical Nomenclature (see
Biochemistry (1972) 11:1726-1732). For instance Met, He, Leu, Ala and Gly represent
"residues"of methionine, isoleucine, leucine, alanine and glycine, respectively. By the
residue is meant a radical derived from the corresponding cc-amino acid by eliminating theOH portion of the carboxyl group and the H portion of the a-amino group. The termamino acid side chain" is that part of an amino acid exclusive of the - CH(NH2)COOH
portion, as defined by K. D. Kopple, "Peptides and Amino Acids", W. A. Benjamin Inc
New York and Amsterdam, 1966, pages 2 and 33; examples of such side chains of thecommon ammo acids are -CH2CH2SCH3 (the side chain of methionine), -CH2(CH3)-CH2CH3 (the side chain of isoleucine), -CH2CH(CH3)2 (the side chain of leucine) or H-
(the side chain of glycine).

For the most part, the amino acids used in the application of this invention are those
naturally occurring amino acids found in proteins, or the naturally occurring anabolic or
catabohc products of such amino acids which contain amino and carboxyl groups
Particularly suitable amino acid side chains include side chains selected from those of the
following amino acids: glycine, alanine, valine, cysteine, leucine, isoleucine, serine
threomne, methionine, glutamic acid, aspartic acid, glutamine, asparagine, lysine, arginine'
proline, h,stidine, phenylalanine, tyrosine, and tryptophan, and those amino acids and
ammo acid analogs which have been identified as constituents of peptidylglycan bacterial
cell walls.

The term amino acid residue further includes analogs, derivatives and congeners of
any specific amino acid referred to herein, as well as C-terminal or N-terminal protected
amino acd derivatives (e.g. modified with an N-terminal or C-terminal protecting group)
For example, the present invention contemplates the use of amino acid analogs wherein a
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side chain is lengthened or shortened while still providing a carboxyl, amino or other

reactive precursor functional group for cyclization, as well as amino acid analogs having

variant side chains with appropriate functional groups). For instance, the subject compound

can include an amino acid analog such as, for example, cyanoalanine, canavanine, djenkolic

5 acid, norleucine, 3-phosphoserine, homoserine, dihydroxy-phenylalanine, 5-

hydroxytryptophan, 1 -methylhistidine, 3~methylhistidine, diaminopimelic acid, ornithine,

or diaminobutyric acid. Other naturally occurring amino acid metabolites or precursors

having side chains which are suitable herein will be recognized by those skilled in the art

and are included in the scope of the present invention.

10 Also included are the (D) and (l) stereoisomers of such amino acids when the

structure of the amino acid admits of stereoisomeric forms. The configuration of the amino

acids and amino acid residues herein are designated by the appropriate symbols (D), (L) or

(DL), furthermore when the configuration is not designated the amino acid or residue can

have the configuration (d), (l) or (DL). It will be noted that the structure of some of the

15 compounds of this invention includes asymmetric carbon atoms. It is to be understood

accordingly that the isomers arising from such asymmetry are included within the scope of

this invention. Such isomers can be obtained in substantially pure form by classical

separation techniques and by sterically controlled synthesis. For the purposes of this

application, unless expressly noted to the contrary, a named amino acid shall be construed

20 to include both the (D) or (l) stereoisomers.

The phrase "protecting group" as used herein means substituents which protect the

reactive functional group from undesirable chemical reactions. Examples of such protecting

groups include esters of carboxylic acids and boronic acids, ethers of alcohols and acetals

and ketals of aldehydes and ketones. For instance, the phrase "N-terminal protecting

25 group" or "amino-protecting group" as used herein refers to various amino-protecting

groups which can be employed to protect the N-terminus of an amino acid or peptide

against undesirable reactions during synthetic procedures. Examples of suitable groups

include acyl protecting groups such as, to illustrate, formyl, dansyl, acetyl, benzoyl,

trifluoroacetyl, succinyl and methoxysuccinyl; aromatic urethane protecting groups as, for

30 example, benzyloxycarbonyl (Cbz); and aliphatic urethane protecting groups such as t-

butoxycarbonyl (Boc) or 9-Fluorenylmethoxycarbonyl (FMOC).

As noted above, certain compounds of the present invention may exist in particular

geometric or stereoisomeric forms. The present invention contemplates all such

compounds, including cis- and trans-isomers, R- and S-enantiomers, diastereomers, (D)-

35. isomers, (L)-isomers, the racemic mixtures thereof, and other mixtures thereof, as falling
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within the scope of the invention. Additional asymmetric carbon atoms may be present in a
substituent such as an alkyl group. All such isomers, as well as mixtures thereof, are
intended to be included in this invention.

If, for instance, a particular enantiomer of a compound of the present invention is

desired, it may be prepared by asymmetric synthesis, or by derivation with a chiral
auxiliary, where the resulting diastereomeric mixture is separated and the auxiliary group
cleaved to provide the pure desired enantiomers. Alternatively, where the molecule contains
a basic functional group, such as amino, or an acidic functional group, such as carboxyl,
diastereomeric salts are formed with an appropriate optically-active acid or base, followed
by resolution of the diastereomers thus formed by fractional crystallization or
chromatographic means well known in the art, and subsequent recovery of the pure
enantiomers.

For purposes of this invention, the chemical elements are identified in accordance
with the Periodic Table of the Elements, CAS version, Handbook of Chemistry and
Physics, 67th Ed., 1986-87, inside cover. Also for purposes of this invention, the term
"hydrocarbon" is contemplated to include all permissible compounds having at least one
hydrogen and one carbon atom. In a broad aspect, the permissible hydrocarbons include
acyclic and cyclic, branched and unbranched, carbocyclic and heterocyclic, aromatic and
nonaromatic organic compounds which can be substituted or unsubstituted.

A compound is said to have an "insulinotropic activity" if it is able to stimulate or
cause the stimulation of, the synthesis or expression of the hormone insulin.

25

30

iil Exemplary Formulation*

A. Agonism ofGLP-1 effects

The inhibitors useful in the subject methods possess, in certain embodiments the
ability to lower blood glucose levels, to relieve obesity, to alleviate impaired glucose
tolerance, to inhibit hepatic glucose neogenesis, and to lower blood lipid levels and to
mhibit aldose reductase. They are thus useful for the prevention and/or therapy of
hyperglycemia, obesity, hyperlipidemia, diabetic complications (including retinopathy
nephropathy, neuropathy, cataracts, coronary artery disease and arteriosclerosis) and
furthermore for obesity-related hypertension and osteoporosis.
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Diabetes mellitus is a disease characterized by hyperglycemia occurring from a

relative or absolute decrease in insulin secretion, decreased insulin sensitivity or insulin

resistance. The morbidity and mortality of this disease result from vascular, renal, and

neurological complications. An oral glucose tolerance test is a clinical test used to diagnose

5 diabetes. In an oral glucose tolerance test, a patient's physiological response to a glucose

load or challenge is evaluated. After ingesting the glucose, the patient's physiological

response to the glucose challenge is evaluated. Generally, this is accomplished by

determining the patient's blood glucose levels (the concentration of glucose in the patient's

plasma, serum or whole blood) for several predetermined points in time.

10 As described in the appended examples, we demonstrate that, in vivo, high affinity

inhibitors of DPIV are biologically active with respect to regulation of glucose metabolism.

For example, a single injection of the inhibitor Pro-boro-Pro (see examples for structure)

was alone sufficient to improve glucose control. A single injection of Pro-boro-Pro was

also observed to potentiate the response to a subtherapeutic dose of GLP-1. We have also

15 observed that chronic (>5 days) treatment with Pro-boro-Pro alone lowers both fasting

blood sugars, and the glycemic excursion to oral glucose challenge.

As indicated above, the inhibitors useful in the subject method can be peptide- or

peptidomimetic-derived inhibitors of the target proteolytic activity, or can be a non-peptide

compound identified, e.g., by drug screening assays described herein. With respect to

20 DPIV inhibitors, a salient feature of the subject method is the unexpected finding that

certain DPIV inhibitors have antidiabetic activity at concentrations significantly lower than

the EC50 of the compound as an immunosuppressant. Thus, an animal can be dosed under

a regimen designed to provide a blood serum concentration of inhibitor at or about the

EC50 for antidiabetic effects, and still be sufficiently below the EC50 for

25 immunosuppressive activity so as to avoid complications resulting from that activity.

Indeed, for certain of the subject inhibitors, it is anticipated that dosing can be at least an

order of magnitude or more greater than the antidiabetic EC50, yet still remain sufficiently

below a dose producing any significant immunosuppression.

As discussed further below, a variety of assays aire available in the art for identifying

30 potential inhibitors of DPIV and the like, as well as assessing the various biological

activities (including side-effects and toxicity) of such an inhibitor.

B. Agonism ofother peptide hormones



WO 99/38501

-30-

PCT/US99/02294

10

15

In another embodiment, the subject agents can be used to agonize (e.g., mimic or
potentiate) the activity of other polypeptide hormones.

To illustrate, the present invention provides a method for agonizing the action of
GLP-2. It has been determined that GLP-2 acts as a trophic agent, to promote growth of
gastrointestinal tissue. The effect of GLP-2 is marked particularly by increased growth of
the small bowel, and is therefore herein referred to as an "intestinotrophic" effect.

In still other embidiments, the subject method can be used to increase the half-life of
other proglucagon-derived peptides, such as glicentin, oxyntomodulin, glicentin-related
pancreatic polypeptide (GRPP), and/or intervening peptide-2 (IP-2). For example, elicentin
has been demonstrated to cause proliferation of intestinal mucosa and also inhibits a
penstals,s of the stomach, and has thus been elucidated as useful as a therapeutic agent for
digestive tract diseases, thus leading to the present invention.

Thus, in one aspect, the present invention relates to therapeutic and related uses of
DPIV inhibitors for promoting the growth and proliferation of gastrointestinal tissue most
particularly small bowel tissue. For instance, the subject method can be used as part of a
regimen for treating injury, inflammation or resection of intestinal tissue, eg where
enhanced growth and repair of the intestinal mucosal epithelial is desired.

With respect to small bowel tissue, such growth is measured conveniently as a
increase in small bowel mass and length, relative to an untreated control. The effect of
subject inhibitors on small bowel also manifests as an increase in the height of the crypt
plus villus axis. Such activity is referred to herein as an "intestinotrophic" activity The
efficacy of the subject method may also be detectable as an increase in crypt cell
proliferation and/or a decrease in small bowel epithelium apoptosis. These cellular effects
may be noted most significantly in relation to the jejunum, including the distal jejunum and
particularly the proximal jejunum, and also in the distal ileum. A compound is considered
to have •'intestinotrophic effect" ifa test animal exhibits significantly increased small bowel
weight, increased height of the crypt plus villus axis, or increased crypt cell proliferation or
decreased small bowel epithelium apoptosis when treated with the compound (or
genetically engineered to express it themselves). A model suitable for determining such
gastrointestinal growth is described by US Patent 5,834,428.

In general, patients who would benefit from either increased small intestinal mass
and consequent increased small bowel mucosal function are candidates for treatment by the
subject method. Particular conditions that may be treated include the various forms of sprue
including celiac sprue which results from a toxic reaction to cx-gliadin from wheat, and is
marked by a tremendous loss of villae of the bowel; tropical sprue which results from

20

25

35
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infection and is marked by partial flattening of the villae; hypogammaglobulinemia sprue

which is observed commonly in patients with common variable immunodeficiency or

hypogammaglobulinemia and is marked by significant decrease in villus height. The

therapeutic efficacy of the treatment may be monitored by enteric biopsy to examine the

5 villus morphology, by biochemical assessment of nutrient absorption, by patient weight

gain, or by amelioration of the symptoms associated with these conditions. Other conditions

that may be treated by the subject method, or for which the subject method may be useful

prophylactically, include radiation enteritis, infectious or post-infectious enteritis, regional

enteritis (Crohn's disease), small intestinal damage due to toxic or other chemotherapeutic

1 0 agents, and patients with short bowel syndrome.

More generally, the present invention provides a therapeutic method for treating

digestive tract diseases. The term "digestive tract" as used herein means a tube through

which food passes, including stomach and intestine. The term "digestive tract diseases" as

used herein means diseases accompanied by a qualitative or quantitative abnormality in the

15 digestive tract mucosa, which include, e. g., ulceric or inflammatory disease; congenital or

acquired digestion and absorption disorder including malabsorption syndrome; disease

caused by loss of a mucosal barrier function of the gut; and protein-losing

gastroenteropathy. The ulceric disease includes, e.g., gastric ulcer, duodenal ulcer, small

intestinal ulcer, colonic ulcer and rectal ulcer. The inflammatory disease include, e.g.,

20 esophagitis, gastritis, duodenitis, enteritis, colitis, Crohn's disease, proctitis, gastrointestinal

Behcet, radiation enteritis, radiation colitis, radiation proctitis, enteritis and medicamentosa.

The malabsorption syndrome includes the essential malabsorption syndrome such as

disaccharide-decomposing enzyme deficiency, glucose-galactose malabsorption, fractose

malabsorption; secondary malabsorption syndrome, e.g., the disorder caused by a mucosal

25 atrophy in the digestive tract through the intravenous or parenteral nutrition or elemental

diet, the disease caused by the resection and shunt of the small intestine such as short gut

syndrome, cul-de-sac syndrome; and indigestible malabsorption syndrome such as the

disease caused by resection of the stomach, e.g., dumping syndrome.

The term "therapeutic agent for digestive tract diseases" as used herein means the

30 agents for the prevention and treatment of the digestive tract diseases, which include, e.g.,

the therapeutic agent for digestive tract ulcer, the therapeutic agent for inflammatory

digestive tract disease, the therapeutic agent for mucosal atrophy in the digestive tract and

the therapeutic agent for digestive tract wound, the amelioration agent for the function of

the digestive tract including the agent for recovery of the mucosal barrier function and the

35 amelioration agent for digestive and absorptive function. The ulcers include digestive ulcers

and erosions, acute ulcers, namely, acute mucosal lesions.
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The subject method, because ofpromoting proliferation of intestinal mucosa can be
used m the treatment and prevention of pathologic conditions of insufficiency in digestion
and absorption, that is, treatment and prevention of mucosal atrophy, or treatment of
hypoplasia of the digestive tract tissues and decrease in these tissues by surgical removal as

5 well as improvement of digestion and absorption. Further, the subject method can be used
in the treatment of pathologic mucosal conditions due to inflammatory diseases such as
enteritis, Crohn's disease and ulceric colitis and also in the treatment of reduction in
function of the digestive tract after operation, for example, in damping syndrome as well as
in the treatment of duodenal ulcer in conjunction with the inhibition of peristalsis of the

10 stomach and rapid migration of food from the stomach to the jejunum. Furthermore
ghcentm can effectively be used in promoting cure of surgical invasion as well as in
improving functions of the digestive tract. Thus, the present invention also provides a
therapeutic agent for atrophy of the digestive tract mucosa, a therapeutic agent for wounds
in the digestive tract and a drug for improving functions of the digestive tract whicho comprise ghcentm as active ingredients.

Likewise, the DPIV inhibitors of the subject invention can be used to alter the
plasma half-life of secretin, VIP, PHI, PACAP, GIP and/or helodermin. Additionally the
subject method can be used to alter the pharmacokinetics of Peptide YY and neuropeptide
Y, both members of the pancreatic polypeptide family, as DPIV has been implicated in the

20 processing of those peptides in a manner which alters receptor selectivity.

Neuropeptide Y (NPY) is believed to act in the regulation vascular smooth muscle
tone, as well as regulation of blood pressure. NPY also decreases cardiac contractilityM>Y ,s also the most powerful appetite stimulant known (Wilding et al (1992) J
Endocrinology 132:299-302). The centrally evoked food intake (appetite stimulation) effect"

25 is predominantly mediated by NPY Yl receptors and causes increase in body fat stores and
obesity (Stanley et al., (1989) Physiology and Behavior 46:173-177).

According to the present invention, a method for treatment of anorexia comprises
admimstenng to a host subject an effective amount of a DPIV inhibitor to stimulate the
appetite and increase body fat stores which thereby substantially relieves the symptoms of30 anorexia.

y

A method for treatment of hypotension comprises administering to a host subject an
effective amount of a DPIV inhibitor of the present invention to mediate vasoconstriction
and increase blood pressure which thereby substantially relieves the symptoms of
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DPIV has also been implicated in the metabolism and inactivation of growth

hormone-releasing factor (GHRF). GHRF is a member of the family of homologous

peptides that includes glucagon, secretin, vasoactive intestinal peptide (VIP), peptide

histidine isoleucine (PHI), pituitary adenylate cyclase activating peptide (PACAP), gastric

5 inhibitory peptide (GIP) and helodermin. Kubiak et al. (1994) Peptide Res 7:153. GHRF is

secreted by the hypothalamus, and stimulates the release of growth hormone (GH) from the

anterior pituitary. Thus, the subject method can be used to improve clinical therapy for

certain growth hormone deficient children, and in clinical therapy of adults to improve

nutrition and to alter body composition (muscle vs. fat). The subject method can also be

10 used in veterinary practice, for example, to develop higher yield milk production and higher

yield, leaner livestock.

C. Examples ofpeptidyl DPIV inhibitors

In the case of DPIV inhibitors, a preferred class of inhibitors are peptidyl

1 5 compounds based on the dipeptides Pro-Pro or Ala-Pro. Another preferred class of peptidyl

inhibitors are compounds based on the dipeptide (D)-Ala-(L)-Ala. In many embodiments,

it will be desirable to provide the peptidyl moiety as a peptidomimetic, e.g., to increase

bioavailability and/or increase the serum half-life relative to the equivalent peptide. For

instance, a variety of peptide backbone analogs are available in the art and be readily

20 adpated for use in the subject methods.

In an exemplary embodiment, the peptidomimetic can be derived as a retro-inverso

analog of the peptide. To illustrate, certain of the subject peptides can be generated as the

retro-inverso analog (shown in its unprotected state):

25 Such retro-inverso analogs can be made according to the methods known in the art,

such as that described by the Sisto et al. U.S. Patent 4,522,752. For example, the illustrated

retro-inverso analog can be generated as follows. The geminal diamine corresponding to

the N-terminal amino acid analogs is synthesized by treating an N-Boc-protected amino

acid (having the sidechain R) with ammonia under HOBT-DCC coupling conditions to

30 yield amide, and then effecting a Hofmann-type rearrangement with I,I-bis-

(trifluoroacetoxy)iodobenzene (TIB), as described in Radhakrishna et al. (1979) J. Org.
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Chem. 44: 1 746. The product amine salt is then coupled to a side-chain protected (e g as
the benzyl ester) N-Fmoc D-enatiomer of the second amino acid residue (e g having a
sidechatn R-) under standard conditions to yield the pseudodipeptide. The Fmoc
(fluorenylmethoxycarbonyl) group is removed with piperidine in dimethylformamide and
the resulting amine is trimethylsilylated with bistrimethylsilylacetamide (BSA) before
condensation with suitably alkylated, side-chain protected derivative of Meldrum's acid as
described in U.S. Patent 5,061,811 to Pinori et al., to yield the retro-inverso tripeptide
analog. The pseudotripeptide is then coupled with (protected) boro-proline under standard
condmons to give the protected tetrapeptide analog. The protecting groups are removed to
release the final product, which is purified by HPLC.

In another illustrative embodiment, the peptidomimetic can be derived as a retro-
enantio analog of the peptide.

Retro-enantio analogs such as this can be synthesized using D-enatiome* of commercially
15 available D-amino acids or other amino acid analogs and standard solid- or solution-phase

peptide-synthesis techniques.

In still another illustrative embodiment, trans-olefin derivatives can be made with
the subject boronophenylalanine analogs. For example, an exemplary olefin analog is:

—OH

20 The trans olefin analog can be synthesized according to the method of Y.K. Shue et al
(1987) Tetrahedron Letters 28:3225.

Still another class of peptidomimetic boronophenylalanine derivatives include the
phosphonate derivatives, such as:
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The synthesis of such phosphonate derivatives can be adapted from known synthesis

schemes. See, for example, Loots et al. in Peptides: Chemistry and Biology, (Escom

Science Publishers, Leiden, 1988, p. 118); Petrillo et al. in Peptides: Structure and

Function (Proceedings of the 9th American Peptide Symposium, Pierce Chemical Co.

5 Rockland, IL, 1985).

D. Non-peptidyl DPIV inhibitors

The pharmaceutical industry has developed a variety of different strategies for

assessing millions of compounds a year as potential lead compounds based on inhibitory

10 activity against an enzyme. DPIV and other proteolytic enzymes targeted by the subject

method are amenable to the types of high throughput screening required to sample large

arrays of compounds and natural extracts for suitable inhibitors.

As an illustrative embodiment, the ability of a test agent to inhibit DPIV can be

assessed using a colorimetric or fluorometric substrate, such as Ala-Pro-paranitroanilide.

15 See US Patent 5,462,928. Moreover, DPIV can be purified, and is accordingly readily

amenable for use in such high throughput formats as multi-well plates.

Briefly, DPIV is purified from pig kidney cortex (Barth et al. (1974) Acta Biol Med

Germ 32:157; Wolf et al. (1972) Acta Bio Mes Germ 37:409) or human placenta (Puschel

et al. (1982) Eur J Biochem 126:359). An illustrative reaction mixture includes 50|liM

20 sodium Hepes (pH7.8), lOjiM Ala-Pro-paranitroanilide, 6 milliunits of DPIV, and 2% (v/v)

dimethylformamide in a total volume of 1 .0 mL. The reaction is initiated by addition of

enzyme, and formation of reaction product (paranitroanilide) in the presence and absence of

a test compound can be detected photometrically, e.g., at 410nm.

Exemplary compounds which can be screened for activity against DPIV (or other

25 relevant enzymes) include peptides, nucleic acids, carbohydrates, small organic molecules,

and natural product extract libraries, such as isolated from animals, plants, fungus and/or

microbes.

E. Assays ofInsulinotropic Activity

30 In selecting a compound suitable for. use in the subject method, it is noted that the

insulinotropic property of a compound may be determined by providing that compound to

animal cells, or injecting that compound into animals and monitoring the release of

immunoreactive insulin (IRI) into the media or circulatory system of the animal,
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respectively. The presence of IRI can be detected through the use of a radioimmunoassay
which can specifically detect insulin.

The db/db mouse is a genetically obese and diabetic strain of mouse. The db/db
mouse develops hyperglycemia and hyperinsulinemia concomitant with its development of
obesity and thus serves as a model of obese type 2 diabetes (NIDDM). The db/db mice can
purchased from, for example, The Jackson Laboratories (Bar Harbor, Me.) In an
exemplary embodiment, for treatment of the mice with a regimen including a DPIV
inhibitor or control, sub-orbital sinus blood samples are taken before and at some time (e g
60 minutes) after dosing of each animal. Blood glucose measurements can be made by any
of several conventional techniques, such as using a glucose meter. The blood glucose levels
of the control and DPIV inhibitor dosed animals are compared

The metabolic fate of exogenous GLP-1 can also be followed in either nondiabetic
and type II diabetic subjects, and the effect of a candidate DPIV inhibitor determined For
instance, a combination of high-pressure liquid chromatography (HPLC) specific
radioimmunoassays (RIAs), and a enzyme-linked immunosorbent assay (ELISA) can be
used, whereby intact biologically active GLP-1 and its metabolites can be detected See for
example, Deacon et al. (1995) Diabetes 44:1126-1131,. To illustrate, after GLP-1
administration, the intact peptide can be measured using an NH2-terminally directed RIA or
ELISA, while the difference in concentration between these assays and a COOH-terminal-
specific RIA allowed determination of NH2-terminally truncated metabolites. Without
inhibitor, subcutaneous GLP-1 is rapidly degraded in a time-dependent manner, forming a
metabolite which co-elutes on HPLC with GLP-I(9-36) amide and has the same
immunoreactive profile. For instance, thirty minutes after subcutaneous GLP-T
administration to diabetic patients (n = 8), the metabolite accounted for 88.5 + 1.9% of the
increase in plasma immunoreactivity determined by the COOH-terminal RIA, which was
higher than the levels measured in healthy subjects (78.4 + 3.2%; n =

8; P < 0 05) See
Deacon et al., supra. Intravenously infused GLP-I was also extensively degraded.

F. Pharmaceutical Formulations

The inhibitors can be administered in various forms, depending on the disorder to be
treated and the age, condition and body weight of the patient, as is well known in the art
For example, where the compounds are to be administered orally, they may be formulated
as tablets, capsules, granules, powders or syrups; or for parenteral administration, they may
be formulated as injections (intravenous, intramuscular or subcutaneous), drop infusion
preparations or suppositories. For application by the ophthalmic mucous membrane route
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they may be formulated as eyedrops or eye ointments. These formulations can be prepared

by conventional means, and, if desired, the active ingredient may be mixed with any

conventional additive, such as an excipient, a binder, a disintegrating agent, a lubricant, a

corrigent, a solubilizing agent, a suspension aid, an emulsifying agent or a coating agent.

5 Although the dosage will vary depending on the symptoms, age and body weight of the

patient, the nature and severity of the disorder to be treated or prevented, the route of

administration and the form of the drug, in general, a daily dosage of from 0.01 to 2000 mg
of the compound is recommended for an adult human patient, and this may be administered

in a single dose or in divided doses.

10 Glucose metabolism can be altered, and symptoms associated with type II diabetes

can be decreased or eliminated, in accordance with a "timed" administration of DPIV

inhibitors wherein one or more appropriate indices for glucose metabolism and/or type II

diabetes can be used to assess effectiveness of the treatment (dosage and/or timing): e.g.

glucose tolerance, glucose level, insulin level, insulin sensitivity, glycosylated hemoglobin.

1 5 An effective time for administering DPIV inhibitors needs to be identified. This can

be accomplished by routine experiment as described below, using one or more groups of

animals (preferably at least 5 animals per group).

In animals, insulinotropic activity by DPIV inhibitor treatment can be assessed by

administering the inhibitor at a particular time of day and measuring the effect of the

20 administration (if any) by measuring one or more indices associated with glucose

metabolism, and comparing the post-treatment values of these indices to the values of the

same indices prior to treatment.

The precise time of administration and/or amount of DPIV inhibitor that will yield

the most effective results in terms of efficacy of treatment in a given patient will depend

25 upon the activity, pharmacokinetics, and bioavailability of a particular compound,

physiological condition of the patient (including age, sex, disease type and stage, general

physical condition, responsiveness to a given dosage and type of medication), route of

administration, etc. However, the above guidelines can be used as the basis for fine-tuning

the treatment, e.g., determining the optimum time and/or amount of administration, which

30 will require no more than routine experimentation consisting of monitoring the subject and

adjusting the dosage and/or timing.

While the subject is being treated, glucose metabolism is monitored by measuring

one or more of the relevant indices at predetermined times during a 24-hour period.

Treatment (amounts, times of administration and type of medication) may be adjusted

35 (optimized) according to the results of such monitoring. The patient is periodically
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reevaluated to determine extent of improvement by measuring the same parameters, the first
such revaluation typically occurring at the end of four weeks from the onset of therapy
and subsequent evaluations occurring every 4 to 8 weeks during therapy and then every 3
months thereafter. Therapy may continue for several months or even years with six months

• being a typical length oftherapy for humans.

Adjustments to the amount(s) of drug(s) administered and possibly to the time of
admimstrauon may be made based on these evaluations. For example, if after 4 weeks of
freatment one of the metabolic indices has not improved but at least one other one has the
dose could be increased by 1/3 without changing the time of administration.

Treatment can be initiated with smaller dosages which are less than the optimum
dose of the compound. Thereafter, the dosage should be increased by small increments untilme optimum effect under the circumstances is reached. For convenience, the total daily
dosage may be divided and administered in portions during the day if desired.

e o
amount" as used herein means that amount of

e.g., a DPIV inhibitors), which is effective for producing some desired therapeutic effeciby inhibiting for example, the proteolysis of a peptide hormone at a reasonable benefit/risk
ratio applicable to any medical treatment.

The phrase "pharmaceutically acceptable" is employed herein to refer to those DPIV
nhtbttors materials, compositions, and/or dosage forms which ate, within the scope ofsound tnedtcal judgment, suitable for use in comae, with the tissues of human beings and
antmals wrthou. excessive toxicity, irritation, allergic response, or outer problem o,comphcanon, commensurate with a reasonable benefit/risk ratio.

The phrase "pharmaceutically-accepable earner" as used herein means a
Ptomaceuttcally-aceeptable material, composition or vehicle, such as a liquid or solid
filler, dtluent, excipien,, solvent or encapsulating material, involved in carrying „rmmsporong fc subject chemical from one organ, or portion of the body, to another organ,
orportton o the body. Each carrier must be "acceptable" in the sense of being compatible
wtth the oftc, tngredtents of the formulation and no. injurious to the patien, Some
examples of materials which can serve as phannaceutically-aceeptable carriers include- (1)sugara, such as lactose, glucose and sucrose; (2) srarehes, such as com starch and pelat** (3) cellulose, and its derivatives, such as sodium carboxymemyl cellulose, ethyl
cellulose and cellulose acetate; (4, powdered tragacanth; (5) malt; (6) gelatin; (7) Mc . (8)extents such as cocoa butter and suppository waxes; (9) oils, such as peanut oil
cottonseed otl, safflower oil, sesame oil, olive oil, com oil and soybean oil; (,(,) glycols'
such as propylene glycol; ^ such . mantnto. Jd
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polyethylene glycol; (12) esters, such as ethyl oleate and ethyl laurate; (13) agar; (14)

buffering agents, such as magnesium hydroxide and aluminum hydroxide; (15) alginic acid;

(16) pyrogen-free water; (17) isotonic saline; (18) Ringer's solution; (19) ethyl alcohol; (20)

phosphate buffer solutions; and (21) other non-toxic compatible substances employed in

5 pharmaceutical formulatiqns.

The term "pharmaceutically-acceptable salts" refers to the relatively non-toxic,

inorganic and organic acid addition salts ofDPIV inhibitors. These salts can be prepared in

situ during the final isolation and purification of the DPIV Inhibitors, or by separately

reacting a purified DPIV inhibitor in its free base form with a suitable organic or inorganic

10 acid, and isolating the salt thus formed. Representative salts include the hydrobromide,

hydrochloride, sulfate, bisulfate, phosphate, nitrate, acetate, valerate, oleate, palmitate,

stearate, laurate, benzoate, lactate, phosphate, tosylate, citrate, maleate, fiimarate, succinate,

tartrate, napthylate, mesylate, glucoheptonate, lactobionate, and laurylsulphonate salts and

the like. (See, for example, Berge et al. (1977) "Pharmaceutical Salts", 1 Pharm. Sci. 66:1-

15 19)

In other cases, the DPIV inhibitor useful in the methods of the present invention

may contain one or more acidic functional groups and, thus, are capable of forming

pharmaceutically-acceptable salts with pharmaceutically-acceptable bases. The term

"pharmaceutically-acceptable salts" in these instances refers to the relatively non-toxic,

20 inorganic and organic base addition salts of a DPIV inhibitor(s). These salts can likewise

be prepared in situ during the final isolation and purification of the DPIV inhibitor(s), or by

separately reacting the purified DPIV inhibitor(s) in its free acid form with a suitable base,

such as the hydroxide, carbonate or bicarbonate of a pharmaceutically-acceptable metal

cation, with ammonia, or with a pharmaceutically-acceptable organic primary, secondary or

25 tertiary amine. Representative alkali or alkaline earth salts include the lithium, sodium,

potassium, calcium, magnesium, and aluminum salts and the like. Representative organic

amines useful for the formation of base addition salts include ethylamine, diethylamine,

ethylenediamine, ethanolamine, diethanolamine, piperazine and the like (see, for example,

Berge et al., supra).

30 Wetting agents, emulsifiers and lubricants, such as sodium lauryl sulfate and

magnesium stearate, as well as coloring agents, release agents, coating agents, sweetening,

flavoring and perfuming agents, preservatives and antioxidants can also be present in the

compositions.

Examples of pharmaceutically-acceptable antioxidants include: (1) water soluble

35 antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate, sodium
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alginates, gelatin, polyvinyl pyrrolidone, sucrose and/or acacia; (3) humectants, such as

glycerol; (4) disintegrating agents, such as agar-agar, calcium carbonate, potato or tapioca

starch, alginic acid, certain silicates, and sodium carbonate; (5) solution retarding agents,

such as paraffin; (6) absorption accelerators, such as quaternary ammonium compounds; (7)

5 wetting agents, such as, for example, acetyl alcohol and glycerol monostearate; (8)

absorbents, such as kaolin and bentonite clay; (9) lubricants, such a talc, calcium stearate,

magnesium stearate, solid polyethylene glycols, sodium lauryl sulfate, and mixtures

thereof; and (10) coloring agents. In the case of capsules, tablets and pills, the

pharmaceutical compositions may also comprise buffering agents. Solid compositions of a

10 similar type may also be employed as fillers in soft and hard-filled gelatin capsules using

such excipients as lactose or milk sugars, as well as high molecular weight polyethylene

glycols and the like.

A tablet may be made by compression or molding, optionally with one or more

accessory ingredients. Compressed tablets may be prepared using binder (for example,

15 gelatin or hydroxypropylmethyl cellulose), lubricant, inert diluent, preservative,

disintegrant (for example, sodium starch glycolate or cross-linked sodium carboxymethyl

cellulose), surface-active or dispersing agent. Molded tablets may be made by molding in a

suitable machine a mixture of the powdered peptide or peptidomimetic moistened with an

inert liquid diluent.

20 Tablets, and other solid dosage forms, such as dragees, capsules, pills and granules,

may optionally be scored or prepared with coatings and shells, such as enteric coatings and

other coatings well known in the pharmaceutical-formulating art. They may also be

formulated so as to provide slow or controlled release of the active ingredient therein using,

for example, hydroxypropylmethyl cellulose in varying proportions to provide the desired

25 release profile, other polymer matrices, liposomes and/or microspheres. They may be

sterilized by, for example, filtration through a bacteria-retaining filter, or by incorporating

sterilizing agents in the form of sterile solid compositions which can be dissolved in sterile

water, or some other sterile injectable medium immediately before use. These compositions

may also optionally contain opacifying agents and may be of a composition that they

30 release the active ingredient(s) only, or preferentially, in a certain portion of the

gastrointestinal tract, optionally, in a delayed manner. Examples of embedding

compositions which can be used include polymeric substances and waxes. The active

ingredient can also be in micro-encapsulated form, if appropriate, with one or more of the

above-described excipients.

35 Liquid dosage forms for oral administration include pharmaceutical^ acceptable

emulsions, microemulsions, solutions, suspensions, syrups and elixirs. In addition to the
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such as chlorofluorohydrocarbons and volatile unsubstituted hydrocarbons, such as butane

and propane.

The DPIV inhibitor(s) can be alternatively administered by aerosol. This is

accomplished by preparing an aqueous aerosol, liposomal preparation or solid particles

5 containing the compound. A nonaqueous (e.g., fluorocarbon propellant) suspension could

be used. Sonic nebulizers are preferred because they minimize exposing the agent to shear,

which can result in degradation of the compound.

Ordinarily, an aqueous aerosol is made by formulating an aqueous solution or

suspension of the agent together with conventional pharmaceutical^ acceptable carriers and

10 stabilizers. The carriers and stabilizers vary with the requirements of the particular

compound, but typically include nonionic surfactants (Tweens, Pluronics, or polyethylene

glycol), innocuous proteins like serum albumin, sorbitan esters, oleic acid, lecithin, amino

acids such as glycine, buffers, salts, sugars or sugar alcohols. Aerosols generally are

prepared from isotonic solutions.

15 Transdermal patches have the added advantage of providing controlled delivery of a

DPIV inhibitors) to the body. Such dosage forms can be made by dissolving or dispersing

the agent in the proper medium. Absorption enhancers can also be used to increase the flux

of the peptidomimetic across the skin. The rate of such flux can be controlled by either

providing a rate controlling membrane or dispersing the peptidomimetic in a polymer

20 matrix or gel.

Ophthalmic formulations, eye ointments, powders, solutions and the like, are also

contemplated as being within the scope of this invention.

Pharmaceutical compositions of this invention suitable for parenteral administration

comprise one or more DPIV inhibitors) in combination with one or more

25 pharmaceutically-acceptable sterile isotonic aqueous or nonaqueous solutions, dispersions,

suspensions or emulsions, or sterile powders which may be reconstituted into sterile

injectable solutions or dispersions just prior to use, which may contain antioxidants,

buffers, bacteriostats, solutes which render the formulation isotonic with the blood of the

intended recipient or suspending or thickening agents.

30 Examples of suitable aqueous and nonaqueous carriers which may be employed in

the pharmaceutical compositions of the invention include water, ethanol, polyols (such as

glycerol, propylene glycol, polyethylene glycol, and the like), and suitable mixtures thereof,

vegetable oils, such as olive oil, and injectable organic esters, such as ethyl oleate. Proper

fluidity can be maintained, for example, by the use of coating materials, such as lecithin, by
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intrathecal, intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal,

transtracheal, subcutaneous, subcuticular, intraarticular subcapsular, subarachnoid,

intraspinal and intrasternal injection and infusion.

The phrases "systemic administration," "administered systemically," "peripheral

5 administration" and "administered peripherally" as used herein mean the administration of a

DPIV inhibitor, drug or other material other than directly into the central nervous system,

such that it enters the patient's system and, thus, is subject to metabolism and other like

processes, for example, subcutaneous administration.

These DPIV inhibitor(s) may be administered to humans and other animals for

10 therapy by any suitable route of administration, including orally, nasally, as by, for

example, a spray, rectally, intravaginally, parenterally, intracisternally and topically, as by

powders, ointments or drops, including buccally and sublingually.

Regardless of the route of administration selected, the DPIV inhibitors), which may

be used in a suitable hydrated form, and/or the pharmaceutical compositions of the present

15 invention, are formulated into pharmaceutically-acceptable dosage forms by conventional

methods known to those of skill in the art.

Actual dosage levels of the active ingredients in the pharmaceutical compositions of

this invention may be varied so as to obtain an amount of the active ingredient which is

effective to achieve the desired therapeutic response for a particular patient, composition,

20 and mode of administration, without being toxic to the patient.

G. Conjoint administration

Another aspect of the invention provides a conjoint therapy wherein one or more

other therapeutic agents are administered with the protease inhibitor. Such conjoint

25 treatment may be achieved by way of the simultaneous, sequential or separate dosing of the

individual components of the treatment.

In one embodiment, a DPIV inhibitor is conjointly administered with insulin or

other insulinotropic agents, such as GLP-1 or a gene therapy vector which causes the

ectopic expression of GLP- 1

.

30 In another illustrative embodiment, the subject inhibitors can be conjointly

administered with a an Ml receptor antagonist. Cholinergic agents are potent modulators of

insulin release that act via muscarinic receptors. Moreover, the use of such agents can have

the added benefit of decreasing cholesterol levels, while increasing HDL levels. Suitable

muscarinic receptor antagonists include substances that directly or indirectly block
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of certain aspects and embodiments of the present invention, and are not intended to limit

the invention.

Example 1: Synthesis ofBoroProline

5 Referring to Figure 1, the starting compound I is prepared essentially by the

procedure of Matteson et al. (Organometallics 3:1284, 1984), except that a pinacol ester is

substituted for the pinanediol ester. Similar compounds such as boropipecolic acid and 2-

azetodine boronic acid can be prepared by making the appropriate selection of starting

material to yield the pentyl and propyl analogs of compound I. Further, CI can be

10 substituted for Br in the formula, and other diol protecting groups can be substituted for

pinacol in the formula, e.g., 2, 3-butanediol and alphapinanediol.

Compound II is prepared by reacting compound I with [(CH3)03 Si]2N-Li
+

. In this

reaction hexamethyldisilazane is dissolved in tetrahydrofuran and an equivalent of n-

butyllithium added at -78°C After warming to room temperature (20°C) and cooling to -

15 78°C, an equivalent of compound I is added in tetrahydrofuran. The mixture is allowed to

slowly come to room temperature and to stir overnight. The alpha-bis[trimethylsilane]-

protected amine is isolated by evaporating solvent and adding hexane under anhydrous

conditions. Insoluble residue is removed by filtration under a nitrogen blanket, yielding a

hexane solution of compound II.

20 Compound HI, the N-trimethysilyl protected form of boroProline is obtained by the

thermal cyclization of compound II during the distillation process in which compound II is

heated to 100-150°C and distillate is collected which boils 66-62°C at 0.06-0.10 mm
pressure.

Compound IV, boroProline-pinacol hydrogen chloride, is obtained by treatment of

25 compound III with HChdioxane. Excess HC1 and by-products are removed by trituration

with ether. The final product is obtained in a high degree of purity by recrystallization from

ethyl acetate.

The boroProline esters can also be obtained by treatment of the reaction mixture

obtained in the preparation of compound II with anhydrous acid to yield l-amino-4-

30 bromobutyl boronate pinacol as a salt. Cyclization occurs after neutralizing the salt with

base and heating the reaction.

Example 2: Preparation ofboroProline-pinacol
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mart,

.^j''™*'''3*- "-Bromo-l-chlorobutyi boronate pinacol, was prepared by the

iTe^

T

0
" ","L (0r8— "cap. that condition,£

p~ "d pinaco1 substottd for -*—
5

b^nTTTl! T* Pina00
' by Mrogenboronadon of aiiyl

was added ,„ ally! bromtde and the reaction heated for 4 honrs at 100X nnder a nitrogenatmosphere. The prodnet, 3-bromopropy, boronate catechol (bp 95-102°C 0 25 mm! 2^ of 49% by disriHarion. The eatecho, elr (,24 g 0.52 ml Z~rfied with pir.cc, (6,.5 g, 0.52 m„,es, by mixing ,he component in 50mtZand aUowmg dtem ,„ snr for 0.5 hot, a. 0°C and 0.5 honrs at room temperature SoZwas removed by evaporarion and 250 ml of hexane added. Catechol Zs mmovl I~ Qnandtative removal was achieved by successive dilution to 500«
000 ml „dh hexane and removing crystals a. each di,u,io„. Hexane was evaporated andthe product drilled to yield 1 77g (bp 60-64°C, 0.35 mm,.

4-Bromo.l-chlorobutyl boronate pinacol was prepared by homologation of the

"oTtTtLn °r: r;
hylene ch,onde <5°-54

°-713 -*>-

—

2TSc H
"•bU,y""h'Um -te<« ml, 0.780 moles) was slowly added

TOG co fdTTT
6 PfaaC01 078 6 °" 3 m°leS) "» in 500 mlof THO, cooled ,„ the freezing point of the solution, and added to the reaction mixtureZtnc chlonde (54.4 g, 0.392 moles) was dissolved in 250 ml of THO, cooled m oTld*ded ,o me reaction mixture in severe, portion, Tfc^ was^ „£££

m hexane
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h)" Si ')""b0r0Pn"ine ^ ~ fl<* by dissolving

Iw^low,
'y"i,hiUm heXa"e <49'4 ""• 80 0—

•

"» wasallowed to slowly wann te room temperatnre. It was recooled ,„ -78°C. and 4-bromo-,-

wTit^rr r
naco1 (23 -9 & 800 n,raofes,^ - 20 -1 °f™f *^was allowed to slowly warm ,o room temperature and to stir overnight Solvent was

re::;: :;:T
on

v *
hexane (40° m,)~« ,o

> ^~removed by filbranon under a nitrogen atmosphere. The filtrate was evaporated and ,h,
restdue distilled, yielding ,9.4 g of the desired product (bp 60-62°C, O.-oT^

"
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H-boroProline-pinacol.HCl (boroProline-pinacol.HCl) was prepared by cooling N-

trimethylsilyl-boroProline pinacol (16.0 g, 61.7 mmoles) to -78°C and adding 4N

HCLrdioxane 46 ml, 1 85 mmoles). The mixture was stirred 30 minutes at -78°C and 1 hour

at room temperature. Solvent was evaporated and the residue triturated with ether to yield a

5 solid. The crude product was dissolved in chloroform and insoluble material removed by

filtration. The solution was evaporated and the product crystallized from ethyl acetate to

yield 11.1 gofthe desired product (mp 156.5-157°C).

Example 3: Synthesis ofboroProline Peptides

10 General methods of coupling of N-protected peptides and amino acids with suitable

side-chain protecting groups to H-boroProline-pinacol are applicable. When needed, side-

chain protecting and N-terminal protecting groups can be removed by treatment with

anhydrous HC1, HBr, trifluoroacetic acid, or by catalytic hydrogenation. These procedures

are known to those skilled in the art of peptide synthesis.

15 The mixed anhydride procedure of Anderson et al. (J. Am. Chem. Soc. 89:5012,

1984) is preferred for peptide coupling. Referring again to Figure 1, the mixed anhydride of

an N-protected amino acid or a peptide is prepared by dissolving the peptide in

tetrahydrofuran and adding one equivalent of N-methylmorpholine. The solution is cooled

to -20°C and an equivalent of isobutyl chloroformate is added. After 5 minutes, this mixture

20 and one equivalent of triethylamine (or other sterically hindered base) are added to a

solution of H-boroPro-pinacol dissolved in either cold chloroform of tetrahydrofuran.

The reaction mixture is routinely stirred for one hour at -20°C and 1 to 2 hours at

room temperature (20°C). Solvent is removed by evaporation, and the residue is dissolved

in ethyl acetate. The organic solution is washed with 0.20N hydrochloric acid, 5% aqueous

25 sodium bicarbonate, and saturated aqueous sodium chloride. The organic phase is dried

over anhydrous sodium sulfate, filtered, and evaporated. Products are purified by either

silica gel chromatography or gel permeation chromatography using Sephadex TM LH-20

and methanol as a solvent.

Previous studies have shown that the pinacol protecting group can be removed in

30 situ by preincubation in phosphate buffer prior to running biological experiments (Kettner

et al., J. Biol. Chem. 259:15106, 1984). Several other methods are also applicable for

removing pinacol groups from peptides, including boroProline, and characterizing the final

product. First, the peptide can be treated with diethanolamine to yield the corresponding

diethanolamine boronic acid ester, which can be readily hydrolyzed by treatment with
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aqueous acd or a sulfonic acid substituted p„,yslyrene resin . descriM jn Kenner

^T"[,"
d Pinanedi

°' Pr°,eC,i"8 «""*• ca" 1)6 * «*fBC13 « methylene chloride as described by Kinder et al. (J. Med. Chem. 28:191 7). Finally
the free boronic acid can be converted ,o the difluorobomn derivative (-BF2) by treatment
with aqueous HF as described by Kinder et al. (supra).

„i,b

Simi

'T

ly

t
'T™"

eSKr 8r°UPS^ ^ ta,r0dUCed ^ "» *~ bo«>nic acidMh vanous d-hydroxy c0n!p0llnds (for exarapfe^ ^ ^
or N) man inert solvent.

1 0 £>tom/;fe * Preparation ofH-Ala-boroPro

Boc-Ala-boroPro was prepay by mixed anhydride coupling of the N-Boc-protecw alamne and H-botoPro prepared as described above. H-Ala^oroPro (Ala-b.roP.0^ prepared by rem„va, of the Boc protecting group a, 0°C in 3.5 molar e cess

3 K
'
I0r UiM v ofm the nanomolar range. Boc-blocked

Ala-boroPro has no affinity for DP-IV.

Ah I
.

The

p

nVOdiaS

'f

re0meK of Ala-boroPro-pinacol, L-Ala-D-botoPro-pinacol and L.
Ala-L-boroFTO-p1Mcol, can be partially sepamted by silica gel chromatography with 20%

20 t

"
M elUaM

-^ fraC,i°"^ * NMR°^<° ^ %20 nrtched m one .sorner. Because mis faction has more inhibits DP-IV to a greater extent*an factions (a, equal concentrations) it is probably enriched in the L-boroProT
Aia-L-boroPro-pinacol) isomer.

Example 5: Glucose Tolerance Test

" Experiments show tf*. Pro-boro-pro dearly ,owers blood sugar based
•

wheretn tite m,ce were tnjected with a single dose of Pro-boro-pro. In the fet set „fexpenments m,ce were injected with 150 pg ofPro-bom-pro (PBP-I, and men subjected toan "-al glucose tolerance test within an hour. 8 pg of GLP-1 was also administered to these

ZritiT ,

m,nUttS PriW 10
°f^ S- 2

- a second set o

uTT„
m,Ce mjeC,ed *a*mtn <PBP-2) « h°» 'O - <»alglucose challenge test. Figure 3 presents the results of these experiments. Each se, ofexperiments was also performed using saline as a control.
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The third set of experiments were "chronic" experiments, wherein the mice , were

injected twice daily with Pro-boro-pro for four days, followed by an oral glucose challenge.

These results are presented in Figure 4.

Example 6: Glucose Tolerance Test, comparison ofnormal and GLP-1 receptor -/- mice

GLP-1 receptor gene "knock-out" causes glucose intolerance in transgenic mice.

Gallwitz B; Schmidt WE Z Gastroenterol (1997) 35: 655-8. Figure 5 compares the ability

of Pro-boro-pro to lower plasma glucose levels in normal and GLP-1 receptor -/- transgenic

mice.

All of the above-cited references and publications are hereby incorporated by

reference.

Equivalents

Those skilled in the art will recognize, or be able to ascertain using no more than

routine experimentation, many equivalents to the specific embodiments of the invention

described herein. Such equivalents are intended to be encompassed by the following claims.
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5

2.

10

We claim:

I- ^e^for m^i„gJnanaIlimd>meBbolismo
,

.

k
0, comprtsmg administering „ fte^ , Utcludmg „„e or mom^» of a dipepridy.pepUdase which inacdva.es GLP-1, which L££j~

tn an amount suflicien, ,„ inhibi, ,he dipeptidylpeptidase proteo,^

A method for modifying g,ucosc metabolism of„

™:z:Tf,ion inciuding one
°
r more -*««^-*sDPIV-mediated proteolysis with a Ki of InM or less.

15

20

3.

<oT^IT
4^^" me,abolism °(m ~*»fc animal a compos,,™ mclnding one or more protease inhibitors which^the proteolysis of glucagon-like nentiHp l /rr d ix -

Plasma half-life ofolp.,
' ° ^ '"^

4. A method for treating Type II diahetes, comprising administering ,„ an animalcomposmon mcluding one or more inhibitors dipeptidylpeptidase IV (DPIV)

5. The method ofclaim I, wherein dipeptidylpeptidase is DPIV.

6- The method ofclaim 3, wherein protease inhibitor is an inhibitor ofDPIV.

a

25 7.

of^uhr
i

resistance, glucose intolerance, hyperglycemia, hyperinsulinemia, obesityhyperhpidemia, hyperlipoproteinemia.
Y'

more

8.

30
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9. The method of claim 1, 2, 3 or 4, wherein the inhibitor has an EC50 for inhibition of

glucose tolerance in the nanomolar or less range

10. The method of claim 1, 2, 3 or 4, wherein the inhibitor has an EC50 for

immunosuppression in the jiM or greater range.

11. The method of claim 4, 5 or 6, wherein the inhibitor has a Ki for DPIV inhibition of

1 .0 nm or less.

12. The method of claim 1, 2, 3 or 4, wherein the inhibitor is peptidomimetic of a peptide

selected from the group consisting Pro-Pro, Ala-Pro, and (D)-Ala-(L)-Ala.

13. The method of claim 1, 2, 3 or 4, wherein the inhibitor has a molecular weights less

than 7500 amu.

14. The method of claim 1 , 2, 3 or 4, wherein the inhibitor is orally active.

15 The method of claim 1, 2, 3 or 4, wherein the inhibitor is represented by the general

formula;

R2

wherein

A represents a 4-8 membered heterocycle including the N and the Ca carbon;
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Z represents C or N;

W represents a functional group which react* vxAth ~- *
targeted protease,

30^ SltC residue of

.

R, represents a C-terminally linked amino acid residue or amino acid analog or aC-term 1nally ,illkedpepUdeorpeptideanalog,or an amino-protecting group or

'

?\ f\

°
R6-C—

, R5-C— , .

II

o

R2 is absent or represents one or more substitute ,0 me ring A> £ach „

su^ , t

ha'°gCn
'

2
'
0W£t^ ' '0Wer a,te* *^ ^ynyl, a carbonv,

£4 a carboxy,, aa ester, a formate, or a ketone), a thioearbony, (sueh as thinner

„, „ ,

'
kv-n2'm K

7- -(CH2)m-OH, -(CH2)m-0- ower alkyl -
<LH2)m-0-lt>wer alkeny

, -(CH,)„-0.(CH,1 R iru <,., , ,

,™, „ ,

'
1 2'" " ,CM

2'i»-R7. -(CH2)m-SH, -{CHj^-S-Iower alkyl -
<CH2)ai-S-loweralkenyl,<CH

2)1
,^-(CH2)m.R7.

ifX is N, R5 represents hydrogen, ifX is C, R, represents hydrogen or a halogen aower alky,, a iower alkeny,, a iower alkynyl, a earhony, (snch aa a earhoxy. an L'formate, or . ketone), a thioearhony, (such as a thioester, a thioaeerate, or a Ihm olfan

Th°'
a

(Cir? sr* a a—
2 m 7 ' ^rt2Jm-uH, -(CH2)m-0-lower alkvl -fcvt \ n, i

alkenyl -CCH^ -O frw ^ d ,™ , ™ y '
•^H2)m-0-lower

-i.SSSS' "

<CH2WS"lower^ -(CH2>™-S-'^

R« represent hydrogen, a halogen, a alkyl, a alkenyl, a alkynyl an arvl 1CH 1% • CH2)m-OH, -(CH^-O-a^y,, -(CH^-O-aKenyl,«Xm*o'

^
. . zero or an integer in the range of 1 to 8; and „ is an integer in the range of 1 to

30 16. The method of claim 1 5, wherein

W represents -CN, -CH=NR
5 ,
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B_
f
-Xi

0

B P-R,'52 or R5
R,
51

R5 represents H, an alkyl, an alkenyl, an alkynyl, -C(X])(X2)X3 ,
-(CH2)m-R7 ,

-

(CH2)n-OH, -(CH2)n-0-alkyl, -(CH2)n-0-alkenyl, -(CH2)n-0-alkynyl, -(CH2)n-0-

(CH2)m-R7 ,
-(CH2)n-SH, -(CH2)n-S-alkyl, -(CH2)n-S-alkenyl, -(CH2)n-S-alkynyl, -

(CH2)n-S-(CH2)m-R7 ,
-C(0)C(0)NH2 ,

-C(0)C(0)OR'7 ;

R' 7 represents, for each occurrence, hydrogen, or a substituted or unsubstituted

alkyl, alkenyl, aryl, aralkyl, cycloalkyl, cycloalkenyl, or heterocycle; and

Y] and Y2 can independently or together be OH, or a group capable of being

hydrolyzed to a hydroxy 1 group, including cyclic derivatives where Yj and Y2 are

connected via a ring having from 5 to 8 atoms in the ring structure (such as pinacol or the

like),

R50 represents O or S;

R5I represents N3, SH2, NH2, NO2 or OR' 7 ;

R52 represents hydrogen, a lower alkyl, an amine, OR'7 , or a pharmaceutically

acceptable salt, or R51 and R52 taken together with the phosphorous atom to which they

are attached complete a heterocyclic ring having from 5 to 8 atoms in the ring structure

X] represents a halogen;

X2 and X3 each represent a hydrogen or a halogen

18. The method of claim 16, wherein the ring A is represented by the formula

wherein n is an integer of 1 or 2.

O
19. The method of claim 16, wherein W represents —b or

20 The method of claim 16, wherein Rl represents



WO 99/38501

-56-
PCT/US99/02294

R
40^N

wherein

R
38 o

forro a« H °
Ph? 8r°UP M8

"
hydr°ge"- a

-
W6 -d "«

C tem 7TT S C"emiina"y
'
inked ami"° «" residu= - acid anaiog or a

C-^lylmkedpepddeorpepddeanalog.or an aroi„o-protecti„g eroUp

&

21. The method of claim 16 wherein po ;B „k

10 group.
bSem> M represents a smaU hydrophobic

22. Ueroeroodofclain, 1 6, wherein R3 is a hydrogen, or a small hydrophobic group.

23. TT.eroe.hod ofdata '6,wbereinR5isahydro8e»,„rahaIogentatedlowera]ky,

fluorine^
*^ X

' " 3 -»- »• «a.ogens, are

25. The method ofclaim 16 .wherein the inhibitor is i

15

: represented by the general formula:

20

wherein

R, represents a C-terminally linked amino acid residue or amino acid analog, or

9 s o
terminally linked peptide or peptide analog, or R5-C—

, R.-C—
,
R,-^—

C- II
'

o
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R$ represents hydrogen, a halogen, a alkyl, a alkenyl, a alkynyl, an aryl, -(CH2)m-

R?> -(CH2)m-OH, -(CH2)m-0-alkyl, -(CH2)m-0-alkenyl, -(CH2)m-0-alkynyl, -<CH2)m-0-

(CH2)m-R7 ,
-(CH2)m-SH, -(CH2)m-S-alkyl, -(CH2)m-S-alkenyl, -(CH2)m-S-alkynyl, -

(CH2)m-S-(CH2)m-R7 ,

-(CH2)m-N^ —(CH2)nrC-N^ _(CH2)n
-NH2^-NH2 —(CH2)^

Kg ' R9 '

9

—(CH2)n-?-alkyl , —(CH2)nJ-alkenyl ,
—(CH2)n4!--alkynyI , or —(CH2)n4!-"(CH2)rirR7

R7 represents an aryl, a cycloalkyl, a cycloalkenyl, or a heterocycle;

R8 and R9 each independently represent hydrogen, alkyl, alkenyl, -(CH2)m-R7 ,
-

C(=0)-alkyl, -C(=0)-alkenyl, -C(=0)-alkynyl, -C(=0)-(CH2)m-R7 ,

or R8 and R9 taken together with the N atom to which they are attached complete a

heterocyclic ring having from 4 to 8 atoms in the ring structure;

Rn and R 12 each independently represent hydrogen, a alkyl, or a pharmaceutical^

acceptable salt, or Rn and R 12 taken together with the O-B-0 atoms to which they are

attached complete a heterocyclic ring having from 5 to 8 atoms in the ring structure;

m is zero or an integer in the range of 1 to 8; and n is an integer in the range of 1 to

8.

26. The method of claim 1 6 ,wherein the inhibitor is represented by the general formula

wherein

Rj represents a C-terminally linked amino acid residue or amino acid analog, or a

O S O
II II II

terminally linked peptide or peptide analog, or &6—C— , R6—C— ,
R$—S— .

c- 0
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R rrR r
Prn

l
h

u
ydr0gen

'

3 ha,°8en
'

3^ 3^ a*M - aryl, -(CH2)m-

•(CH2)^ky1
'

-(CH2)« -

p o o
"(CH^-a,^,, -(CH^-alkenyl, -(CH2)n^-alkynyI

, or
-(CH2)J-(CH2)m-R7

R7 represents an aryl, a cycloalkyl, a cycloalkenyl, or a heterocycle;

C< n> * r
dA6aCh independent,y rePresent hy^gen, alkyl, alkenyl, -(CH2)m-R7 .

C(=0)-alkyl,-C(=0)-alkenyl,-C(=0)-alkynyl,-C(^ **" ?'

or R, and R9 taken together with the N atom to whieh they are attached complete a
heterocychc ring having from 4 to 8 atoms in the ring structure; and

m is zero or an integer in the range of 1 to 8; and n is an integer in the range of 1 to

27. The method ofclaim 16 .wherein the inhibitor is represented by the general formula:

.X.

wherein

20 R, represents a C-terminally linked amino acid residue or amino acid analog, or a

o so
terminally linked peptide or peptide analog, or R<>-C—

, Rg-C—
, Rs-S—

C-
'

II
'

c o
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R$ represents hydrogen, a halogen, a alkyl, a alkenyl, a alkynyl, an aryl, -(CH2)m-

R7,
-(CH2)m-OH, -(CH2)m-0-alkyl, -(CH2)m-0-alkenyl, -(CH2)m-0-alkynyl, -(CH2)m-0-

(CH2)m-R7,
-(CH2)m-SH, -(CH2)m-S-alkyl, -(CH2)m-S-alkenyl, -(CH2 )m-S-alkynyl, -

(CH2)m-S-(CH2)m-R7 ,

-(CH2)m-l/
^
_(CH2)nJ-N^

^
-(CH^-NH.-lSlHz

,
-(CH2)n-J!-OR7

R9 R9OOO o
—(CH2)ir-C-a!kyl ,

—(CH2)ir-i!-alkenyl ,
—(CH2)nJ-alkynyl , or —(CH^n^-CC^^Ry

R7 represents an aryl, a cycloalkyl, a cycloalkenyl, or a heterocycle;

10 R8 and R9 each independently represent hydrogen, alkyl, alkenyl, -(CH2)m-R7, -

C(0)-alkyl, -C(=0)-alkenyl, -C(=0).alkynyl, -C(=0)-(CH2)m-R7 ,

or R8 and R9 taken together with the N atom to which they are attached complete a

heterocyclic ring having from 4 to 8 atoms in the ring structure;

Xj, X2 and X3 each represent a hydrogen or a halogen; and

15 m is zero or an integer in the range of 1 to 8; and n is an integer in the range of 1 to

8.

28. The method of claim 16 ,wherein the inhibitor is represented by the general formula:

wherein

R32 is a small hydrophobic group; and

R30 represents a C-terminally linked amino acid residue or amino acid analog, or a

C-terminally linked peptide or peptide analog, or an amino-protecting group.
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29. The method ofclaim 16 .wherein the inhibitor is represented by the general formula:

R

wherein

5 W represents a functional group which reacts with an active site residue of thetargeted protease, as for example, -CN, -CH=NR5 ,

fl II A M
50 O

0 '
Y
2 , |

R" or —U^
R5

R, represents a C-terminally linked amino acid reLe or amino acid analog or a
C- termmally linked peptide or peptide analog, or an amino-protecting group, or

rJL J-.JL
II

10 o

R3 represents hydrogen or a halogen, a lower alkyl, a lower alkenyl, a lower

lr';
3

r°
nyl

"
3 Carb°Xy1

'

6Ster
'

3 f0miate
'
°r a ket0ne

)' * ^iocarbony,

yano ani^ '

n T"' "
3 a" »** an ^*mino, - amido acyano, a n,tro, an azido, a sulfate, a sulfonate, a sulfonamido, -(CH2)m-R7 -fCHo) OH- W-OW alkyl, -

(CH2)m-0-lower alkenyl, £££ -

_

(CH2)m-S-lower alkyl, -(CH2)m-S-lower alkenyl, -(CH2)n-S-(CH2)m-R7 ;

(OH )nOH
eP

Tro
tS

,

H'

"
a,kyl " alkCny1

' ^ -(CH2)m-R7) -

Cnt R
^ -

(CH2)n-°-a,ken^ -(CH2)n-0-a,kynyl, ,CH2)n-0-

20 CHt's
f
"ff^-^ -(CH2)n-S-alkenyl, -(CH2)n-S-alkyn 1, -M (CH2)n-S-(CH2)m-R7 , -C(0)C(0)NH2 , -C(0)C(0)OR'7 ;

P rru rT
SentS hydf08en

'

3 ha,°gen
'
3 3,ky1

'
3^ a alkyny»^ an aryl, -(CH2) -

(ChT^^'S^ -(CH2)m-0-a,kenyl,^O^i^
'(CH2)m "S-alkyI

' -(^-S-alky^ -

25 R7 represents, for each occurrence, a substituted or unsubstituted aryl aralkyl
cycloalkyl, cycloalkenyl, or heterocycle;
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R' 7 represents, for each occurrence, hydrogen, or a substituted or unsubstituted

alkyl, alkenyl, aryl, aralkyl, cycloalkyl, cycloalkenyl, or heterocycle;

R^j and R^, indepedently, represent small hydrophobic groups;

Yj and Y2 can independently or together be OH, or a group capable of being

hydrolyzed to a hydroxyl group, including cyclic derivatives where Yj and Y2 are

connected via a ring having from 5 to 8 atoms in the ring structure (such as pinacol or the

like),

R50 represents O or S;

R5I represents N3, SH2, NH2, NO2 or OR'7 ;

R52 represents hydrogen, a lower alkyl, an amine, OR' 7, or a pharmaceutical^

acceptable salt, or R5 \ and R52 taken together with the phosphorous atom to which they

are attached complete a heterocyclic ring having from 5 to 8 atoms in the ring structure

Xj represents a halogen;

X2 and X3 each represent a hydrogen or a halogen

m is zero or an integer in the range of 1 to 8; and n is an integer in the range of 1 to

8.

30. A method for modifiying, in an animal, metabolism of peptide hormone, comprising

administering to the animal a composition including one or more inhibitors of

dipeptidylpeptidase IV (DPIV) in an amount sufficient to increase the plasma half-life

of a peptide hormone, which peptide hormone is selected from the group consisting of

glucagon-like peptide 2 (GLP-2), growth hormone-releasing factor (GHRF),

vasoactive intestinal peptide (VIP), peptide histidine isoleucine (PHI), pituitary

adenylate cyclase activating peptide (PACAP), gastric inhibitory peptide (GIP),

helodermin, Peptide YY and neuropeptide Y.

31. A method for modifying glucose metabolism of an animal, comprising administering

to the animal a composition including boronyl peptidomimetic of a peptide selected

from the group consisting Pro-Pro, Ala-Pro, and (D)-Ala-(L)-Ala.

32. The method of claim 31, wherien the boronyl peptidomimetic is represented in the

general formula:
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R2
R2

O 2

or

R32
H ^

0
.

R
62

wherein

each A"*-*-* repress a« membered heterocyde including Une N and fce Co

R2 is or represe„,s one or more substations .„ «he ring A, each of which can

R3 represent hydrogen or a halogen, a lower alky., a lower alkenyl, a lower alkyny, .
carbony, (such * . m ester> ,^ of , f

•

OH, -<CH2)m-0,„wer alky,, -(CH^-O-.ower alkeny,
KCH2WS„, -

(CH,m-S-,o„er alky,, ,C„2)nrs,„werij^^
RSTT^V^ " aM[ynyl

>

-C<*«. -<CH2)m-R7,

R^hTsh Ich^r^1

' -<cH2)„-o<cH2t
1*7. <CH2)»-SH, -(CH2)n-S-alkyl, -(CH2)n-S-alkenyl, .(CH,)n.S.alkvnv, rrHu
(CH2)m-R7, -C(O)C(0)NH2, -C(0)C(0)OR-,;

' '
2)""S"
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Rg represents hydrogen, a halogen, a alkyl, a alkenyl, a alkynyl, an aryl, -(CH2)m-R7 ,
-

(CH2)m-OH, -(CH2)m-0-alkyl, -(CH2)m-0-alkenyl, -(CH2)m-0-alkynyl, -(CH2 )m-0-

(CH2)m-R7 ,
-(CH2)m-SH, -(CH2)m-S-alkyl, -(CH2)m-S-alkenyl, -(CH2)m-S-alkynyl, -

(CH2)m-S-(CH2)m-R7 ,

5 R7 represents, for each occurrence, a substituted or unsubstituted aryl, aralkyl,

cycloalkyl, cycloalkenyl, or heterocycle;

R30 represents a C-terminally linked amino acid residue or amino acid analog, or a C-

terminally linked peptide or. peptide analog, or an amino-protecting group, or

o s o
II II II

R6—C— , Ro—C— ,R6—S— .

O

10 R32 and R^, indepedently, represent small hydrophobic groups, preferably lower alkyls,

and more preferably methyl;

Yj and Y2 can independently or together be OH, or a group capable of being hydrolyzed to

a hydroxy 1 group, including cyclic derivatives where Yj and Y2 are connected via a

ring having from 5 to 8 atoms in the ring structure (such as pinacol or the like),

15 m is zero or an integer in the range of 1 to 8; and n is an integer in the range of 1 to 8.

33. The method of claim 32, wherein administering the boronyl peptidomimetic reduces

one or more of insulin resistance, glucose intolerance, hyperglycemia,

20 hyperinsulinemia, obesity, hyperlipidemia, hyperlipoproteinemia.

34. The method of claim 32, wherein the boronyl peptidomimetic has an EC50 for

modification of glucose metabolism which is at least one order of magnitude less than

its EC50 for immunosuppression.

25

35. The method of claim 32, wherein the boronyl peptidomimetic has an EC50 for

inhibition of glucose tolerance in the nanomolar or less range

36.

30

The method of claim 32, wherein the boronyl peptidomimetic has an EC50 for

immunosuppression in the (iM or greater range.
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37. The method of claim 32, wherein the boronyl peptidomimetic is orally active.

38. A method for modifying glucose metabolism of an animal, comprising administering
to the ammal a composition including boronyl inhibitor of peptidomimetic of a
peptide selected from the group consisting Pro-Pro, Ala-Pro, and (D)-Ala-(L)-Ala
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Br-(CH2)3-CH

CI
-a

(2)
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PBP-1
+/+ males, rscelvlna either saline or 160ufl Pro(boro)Pro 1 hr r,ri„,o oral glucose challenge AND a ug GLP-1 s mine prior to o.ucSae(6 weoka old aa of 00/09/97)

giucose

4/+MPBP

W+M Safin©

Tim* fminuUt) 150
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PBP-3 1/10/97 +/+ Females injected with 1S0ug Pro(boro)pro OR
saline twice dally as of 27/09/97 (9 IP Injection*)
7-8 weeks old as of 16/6/97

too

Tirru (minute*)

150
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+/+ Males Injected with 8ug GLP-1 and Pro(boro)pro OR Sa

+AMPBP
+/«• M Saline

SO 100

Time (minutes)

+/+ Males Injected with Pro(boro)pro OR Saline

+/+ M PBP

+/+ M Saline

so Too
-
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-/- Males Injected with Pro(boro)pro OR Saline

+/+ M PBP

+A- M Saline

SO ioo
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Continuation of Box 1.2

Present claims 1-16,18-38 relate to compounds and therapeutic
applications defined by reference to a desirable characteristic or

property, namely by means of a pharmacological mechanism or property, or

by reference to parameters, or by means of open-ended expressions
("peptidomi luetic" , amino acid/peptide "analog", "small hydrophobic
group" . . . )

.

The claims cover all compounds and therapeutic applications having this
characteristic or property, whereas the application provides support

within the meaning of Article 6 PCT and/or disclosure within the meaning
of Article 5 PCT for only a very limited number of such compounds and
therapeutic applications. In the present case, the claims so lack

support, and the application so lacks disclosure, that a meaningful
search over the whole of the claimed scope is impossible. Independent of

the above reasoning, the claims also lack clarity (Article 6 PCT). An

attempt is made to define the compounds and the therapeutic applications
by their pharmacological profiles. Again, this lack of clarity in the
present case is such as to render a meaningful search over the whole of
the claimed scope impossible.

Furthermore, the present claims relate to an extremely large number of
possible compounds. Support within the meaning of Article 6 PCT and/or
disclosure within the meaning of Article 5 PCT is to be found, however,

for only a very small proportion of the compounds claimed. Again, the
claims so lack support, and the application so lacks disclosure, that a

meaningful search over the whole of the claimed scope is impossible.

Consequently, the search has been carried out for those parts of the

claims which appear to be supported and disclosed, namely those parts
relating to the compounds mentioned in the examples, closely related
compounds (in particular the compounds defined in claims 25,26,27 with Rl

representing the moiety defined in claim 20, as far as possible within
the limitations set above) and to the general idea underlying the

application.

Claims searched incompletely: 1-38

The applicant's attention is drawn to the fact that claims, or parts of

claims, relating to inventions in respect of which no international
search report has been established need not be the subject of an

international preliminary examination (Rule 66.1(e) PCT). The applicant
is advised that the EPO policy when acting as an International
Preliminary Examining Authority is normally not to carry out a

preliminary examination on matter which has not been searched. This is

the case irrespective of whether or not the claims are amended following
receipt of the search report or during any Chapter II procedure.
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